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PROCEEDINGS 


NOTICE OF REGULAR MEETING. 


A REGULAR meeting of the Boston Society of Civil Engi- 
neers will be held on 


WEDNESDAY, JANUARY 27, 1915, 


at 7.45 o'clock P.M., in CHIPMAN HALL, TREMONT TEMPLE, 
BosTon. 

Business of the Meeting: To choose a committee of five to 
nominate officers for the ensuing year. 

Mr. Nathan H. Daniels, member of the American Institute 
of Electrical Engineers, will read a paper entitled ‘‘ Insurance 
as an Aid to Engineers.”’ 
: S. E. TinkHAM, Secretary. 


PAPERS IN THIS NUMBER. 


“ The Commission-Manager Form of Government and Its Rela- 
tion to the Engineering Profession.’’ Henry M. Waite. 
(Presented November 18, 1914.) 


Discussion of ‘‘ The Mechanics of Reinforced Concrete,’’ with 
Author’s Closure. 


CURRENT DISCUSSIONS. 
Discussion 
Paper. Author. Published. Closes. 
“Phosphate Rock Industry.”” L.W.Tucker. Dec. Feb. Io. 
‘* Power Plant at Wachusett Dam.”” Thayer 
and 
Allardice. Dec. Feb. Io. 
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Reprints from this publication, which is copyrighted, may be made pro- 
vided full credit is given to the author and the Society. 


FEBRUARY MEETING OF THE SANITARY SECTION. 


A SPECIAL meeting of the Sanitary Section will be held 
Wednesday evening, February 3, 1915, in the library of the 
Society, Tremont Temple, at 7.45 o'clock. 

The subject of the meeting will be ‘‘ Garbage Disposal.” 

Dr. Frederic Bonnet, Jr., Professor of Chemistry at the 
Worcester Polytechnic Institute, will present a paper on “ Gar- 
bage Disposal at Worcester, Mass.,” illustrating it with lantern 
slides. 

Mr. W. J. Springborn, manager of the New Bedford Ex- 
tractor Company, will speak on the new plant for garbage 
treatment now in operation at New Bedford, Mass. 

Others have been invited to participate in the discussion. 

FRANK A. Marston, Clerk. 


MINUTES OF MEETINGS. 


Boston, December 16, 1914.— A regular meeting of the 
Boston Society of Civil Engineers was held this evening at Chip- 
man Hall, Tremont Temple, and was called to order at 7.50 
o'clock by the President, Mr. Harrison P. Eddy, who introduced 
as the presiding officer Vice-President Charles R. Gow. There 
were present 92 members and visitors. : 

By vote the reading of the record of the last meeting was 
dispensed with, and it was approved as printed in the December 
JOURNAL. 

The Secretary reported for the Board of Government that 
it had elected the following to membership, in the grades named: 


Members: John Patrick Cronin, Allan Curtis, Eric Lars 
Johnson, Walton Harvey Sears and Burdett Cardale Thayer. 


Juniors: William Rea Holway, Carl Louis Stucklen and Carl 
Wilbur Wood. 
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The Vice-President announced the death of Lucian A. 
Taylor, a member of the Society, which occurred November 19, 
1914, and by vote the President was requested to appoint a 
committee to prepare a memoir. The committee appointed 
consists of Messrs. Wm. E. McClintock and Frank E. Hall. 

Vice-President Gow stated that the subject of the evening 
was “‘ The Hydro-Electric Power Plant at the Wachusett Dam, 
Clinton, Mass.,”” and introduced the authors, Mr. Elliott R. B. 
Allardice and Mr. Burdett C. Thayer. The paper was read by 
Mr. Allardice, and Mr. Thayer explained the stereopticon views 
thrown on the screen. The lantern used was one which had 
recently been presented to the Society by Mr. John R. Freeman, 
one of the past presidents. 

At the conclusion of the reading of the paper, a most interest- 
ing discussion took place, in which the following gentlemen took 
part: Frederic P. Stearns, Dexter Brackett, Harold K. Barrows, 
Charles M. Allen, Ira W. McConnell, William L. Puffer, Alfred 
O. Doane and Frank B. Sanborn. 

Adjourned. 

S. E. TinkHAm, Secretary. 


SANITARY SECTION. 


Boston, Mass., November 27, 1914.— A special meeting 
of the Sanitary Section of the Boston Society of Civil Engineers 
was held this evening in the library of the Society, Tremont 
Temple. 

The meeting was called to order at 7.50 o’clock by Chairman 
Bertram Brewer, who introduced the speaker of the evening, 
Mr. Langdon Pearse, Division Engineer of the Sanitary Dis- 
trict of Chicago. 

Mr. Pearse gave a very interesting talk on “ The Industrial 
Wastes of Chicago, with Particular Reference to the Packing 
Industry.”’ Lantern slides were used to illustrate his remarks. 

The meeting passed a vote of thanks to Mr. Pearse for his 
courtesy in addressing the Section during his brief stay in Boston. 
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There were 55 present at the meeting. 

The new projection lantern presented to ‘ie Society by 
Mr. John R. Freeman was used for the first time in a meeting of 
the Society. 

FrANK A. MarsTON, Clerk. 


Boston, Mass., December 9, 1914. — The December meet- 
ing of the Sanitary Section of the Boston Society of Civil Engi- 
neers was held this evening in the library of the Society, Tremont 
Temple. The meeting was opened at 8 o'clock P.M. by Chair- 
man Bertram Brewer. 

The records of the May meeting and of the June excursion 
were approved as printed in the JouRNAL. The record of the 
November special meeting was read and approved. 

The report of the special committee on ‘“‘ Toilet Regulations 
for Industrial Establishments ’’ was presented by Robert Spurr 
Weston, chairman. After giving a brief discussion of the work 
done by the committee, Mr. Weston read a letter from Mr. T. 
Howard Barnes suggesting certain modifications in the proposed 
‘“Regulations.”’ Mr. George A. Carpenter, a member of the 
special committee, read a letter from a prominent manufacturer 
expressing approval of the committee’s report. 

The Regulations were discussed and a number of changes 
made. The adopted regulations will be published in the Febru- 
ary issue of the JOURNAL. 

A copy as adopted has been forwarded as directed, and 
receipt thereof acknowledged by the Commissioner of Labor 
and Industries. 

Following the business meeting, Mr. Harrison P. Eddy, 
president of the Society, presented a paper on ‘“‘ The Economic 
Depth of Trickling Filters.” A paper was also presented by 
Mr. H. W. Clark, chief chemist to the Massachusetts State 
Department of Health, on “ A Study of Depth of Filter Ma- 
terial in Connection with Trickling Filter Efficiency.” 

There were 48 present at the meeting. 

Meeting adjourned at 10.20 o'clock. 


FRANK A. Marston, Clerk. 
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Boston, Mass., January 6, 1915. — A special meeting of the 
Sanitary Section of the Boston Society of Civil Engineers was 
held this evening in the Society library, Tremont Temple. 

The meeting was opened at 8 o'clock by the Chairman. 

Pursuant to instructions from the Executive Committee, 
the Chairman announced the appointment of a special committee 
to study and report on “‘ Methods of Design and Construction 
and Results of Operation of Submerged Pipe Lines for Outfall 
Sewers,” as follows: Hiram A. Miller, chairman; DeWitt C. 
Webb, George A. Sampson, Edgar S. Dorr. 

The Chairman then introduced Dr. J. W. M. Bunker, of 
the Sanitary Engineering Department, Harvard University, 
who gave an exceedingly interesting description of the forms 
and characteristics of ‘‘ Diatoms.’’ His talk, although of a 
popular nature, proved an admirable introduction to the collec- 
tion of drawings, photographs and microscopic slides exhibited 
by Mr. F. F. Forbes, Superintendent of the Water Department 
of Brookline, Mass. 

A vote of thanks was offered to Dr. Bunker and Mr. Forbes 
for their courtesy in presenting the subject of the evening in such 
an interesting manner. 

There were 56 present. Meeting adjourned at 9.35 o'clock. 

This meeting demonstrated in a new way the value and 
completeness of the stereopticon presented to the Society by 
Mr. Freeman, for without it the meeting would not have been 
possible. All of the objects were projected with clearness and 


in considerable detail. 
FRANK A. Marston, Clerk. 


Mr. C. A. P. TuRNER, whose paper on “ The Mechanics 
of Reinforced Concrete ’’ appeared in the issue of the JOURNAL 
for September, 1914, has presented to the Society a copy of a 
treatise entitled ‘‘ Concrete-Steel Construction.’’ This book, 
which was written jointly by Mr. Turner and Dr. Henry T. 
Eddy, was sent for the convenient reference of those who wish 
to study the subject more at length after reading the discussion 


of his paper. 
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APPLICATIONS FOR MEMBERSHIP. 
[January II, 1915.] 


Tur By-Laws provide that the Board of Government shall 
consider applications for membership with reference to the 
eligibility of each candidate for admission and shall determine 
the proper grade of membership to which he is entitled. 

The Board must depend largely upon the members of the 
Society for the information which will enable it to arrive at a 
just conclusion. Every member is therefore urged to communi- 
cate promptly any facts in relation to the personal character or 
professional reputation and experience of the candidates which 
will assist the Board in its consideration. Communications 
relating to applicants are considered by the Board as strictly 
confidential. 

The fact that applicants give the names of certain members 
as reference does not necessarily mean that such members en- 
dorse the candidate. 

The Board of Government will not consider applications 
until the expiration of twenty (20) days from the date given. 


APPLETON, ARTHUR BENSON, Beverly, Mass. (Age 28, b. Beverly, 
Mass.) Educated in Beverly public schools and Mass. Inst. of Tech., where 
he was a student for three years. From 1907 to 1909, survey and office work 
with Mr. Wm. S. Johnson, civil engineer, Boston; from I910 to 1912, with 
E. L. Ransome on construction work, and with State Board of Health on 
survey work, Neponset River; from 1912 to 1914, with Mass. Highway Comm. 
on estimating, designing and checking of reinforced concrete bridges, also 
computing and drafting; from 1914 to date, with city engineer, Lynn, Mass., 
in charge of party. Refers to C. B. Breed, H. P. Burden, J. L. Howard, 
W. S. Johnson, R. H. Sutherland and W. L. Vennard. 

BUCKLEY, WM. JosEpH, Lynn, Mass. (Age 35, b. Lynn, Mass.) Gradu- 
ate Mass. Inst. of Tech., 1912, civil engineering course. From July to Oct., 
1909, rodman, U. S. Engineer’s Office, Boston; from March to June, 1910, 
rodman with B, & M. R. R.; from June to Oct., 1910, rodman with N. Y. C. 
& H.R. R.R., construction dept.; from July to Oct., 1911, recorder, Us Si 
Engineer’s Office, sounding and boring of Boston Harbor; from Oct., 1912, 
to April, 1913, timekeeper, Lucius Engrg. Co., Pittsburg, Pa., on bridge erec- 
tion; from April to June, 1913, rodman with Boston Transit Comm., on East 
Boston Tunnel Extension; from June, 1913, to Nov., 1914, foreman, pay- 
master and timekeeper, Lucius Engrg. Co., on bridge construction. Refers 
to C. F. Allen, C. B. Breed, L. E. Moore and C. M. Spofford. 
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CorEY, KENNETH TOLMAN, Pittsfield, Mass. (Age 26, b. Springfield, 
Mass.) From Sept., 1907, to June, 1909, general assistant with Geo. N. Merrill 
& Co., Springfield, Mass.; from June, 1909, instrumentman with Meikle- 
ham & Dinsmore of New York; from March, 1910, to date, engineer in charge 
and resident engineer with Durkee, White & Towne, Springfield. Refers to 
R. H. Barnes, F. P. Cobb, F. B. Locke, A. E. Tarbell. 

CowLes, MARTIN WARREN, Fairfield, Conn. (Age 21, b. New Haven, 
Conn.) Senior at Mass. Inst. of Tech., sanitary engineering course; two 
months at Surveying Camp, Maine. Refers to C. F. Allen, C. B. Breed, 
A. E. Burton, Dwight Porter, A. G. Robbins and C. M. Spofford. 

Dowst, EVERETT FRANK, Concord, N. H. (Age 26, b. Allentown, 
N. H.) Graduate of Norwich Univ., Northfield, Vt., 1912, civil engineering 
course. From July to Dec., 1912, draftsman with Southern New England 
R. R. Corp’n, Nashua, N. H.: Jan., 1913, chainman, Boston, Revere Beach & 
Lynn R. R.; from Feb. to Aug., 1913, chainman, B. & M. R.R.; from Sept., 
1913, to Jan., 1914, transitman, N. H. State Highway Dept.; from April, 
1914, to date, in private practice connected with Storrs Engineering Co., 
Concord, N. H. Refers to W. B. Howe, F. W. Lang, E. D. Storrs and 
J. W. Storrs. 

EIsNor, JOHN JAMES, Boston, Mass. (Age 28, b. Lunenburg, N. S.) 
Graduate of Dalhousie Univ.; received diploma from H. Park College, Des 
Moines, Ia., 1913. Before graduation from Dalhousie, was for two years with 
N. Trans. R. R.; was for about four years with F. C. Wales, C.E.; Ig11, 
transitman on assessors’ survey, town of Marion; also in charge of building 
pier for Chas. S. Hamblin, Mattapoisett, and laid out and inspected work on 
William Strong’s summer home at Woods Hole; 1912, transitman and in- 
spector on $12 000 improvement of Henry Fay estate, Cape €od; 1913, 
resident engineer and inspector on reinforced concrete bridge at Osterville, 
Mass.; transitman and inspector on Woods Hole drawbridge and sea wall, 
and superintendent for Taylor & Crosby Constr. Co. on concrete bridge; 
is at present with New England Gas and Coke Co. Refers to W. H. Cheney, 
W. E. McKay, D. S. Reynolds and J. C. S. Taber. 

Hatt, CHARLES LorinG, Dorchester, Mass. (Age 21, b. Dorchester, 
Mass.) Student at Mass. Inst. of Tech., Class of 1915, civil engineering 
course. Refers to C. F. Allen, C. B. Breed, G. L. Hosmer, J. W. Howard and 
C. M. Spofford. 

Harris, GILBERT Munpay, Newton, Mass. (Age 26, b. Boston, 
Mass.) Received technical education chiefly at Boston Y. M. C. A. evening 
school and Franklin Union; student for one-half year at Tufts College, en- 
gineering course. From April, 1910, to Sept., 1911, rodman with B. & M. 
R. R.; from Sept. to Nov., 1911, with Mt. Washington Electric R. R. pre- 
liminary and location surveys; from Dec., 1911, to April, 1912, with Edison 
Co., St. Engrg. Dept.; from April to May, 1913, with B. & M. R. R., Real 
Estate Engrg. Dept., as transitman; from July to Oct., 1913, with the Na- 
tional Highway Association at South Yarmouth, Mass.; from Dec., 1913, to 
Feb., 1914, with Boston Finance Comm.; from March, 1914, to date, title 
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researchman in Valuation Engineering Dept. of B. & M.R. R. Refers to 
C. H. Davis, G. W. Cutting, Jr., T. P. Perkins, C. H. Restall and F. B. Rowell. 

Hupparp, CARL PEerry, Woburn, Mass. (Age 27, b. Somerville, 
Mass.) Graduate of Tufts College, 1909, civil engineering course. From 
July, 1909, to Jan., 1910, inspector on reinforced concrete for Adolf Such, 
Hyde Park, Mass.; from Jan., 1910, to Sept., 1911, foreman, time-keeper 
and job superintendent with Aberthaw Const. Co., Boston; from Sept., 
1911, to May, 1912, estimator and engineer with L. D. Willcutt Sons Co., 
Boston; from May, 1912, to July, 1914, resident engineer on reinforced concrete 
work with Lockwood, Greene & Co., Boston; from July, 1914, to date, super- 
intendent of construction camp, state of Wisconsin. Refers to L. H. Allen, 
J. A. Garrod, F. W. Reynolds, E. H. Rockwell, F. B. Sanborn and Lae: 
Wason. 

Kinc, ARTHUR CASWELL, Springfield, Mass. (Age 30, b. Taunton, 
Mass.) Graduate of Brown Univ., 1906, degree of B.S. in civil engineering. 
During summers of 1900 and 1901, rodman on preliminary surveys and in- 
spector of sewer construction, also instrumentman on private land survey- 
ing, Taunton; during summer of 1905 and from 1906 to 1907, assistant, 
engineering dept., Mass. State Board of Health; from Feb., 1907, to date, 
with Springfield, Mass., Water Dept., as draftsman, instrumentman, esti- 
mator, inspector, assistant engr. in charge of party on land surveys and finally, 
since April, 1911, as superintendent’s assistant; is also in charge of office at 
service building. Refers to H. K. Barrows,-C. R. Gow, G. A. Carpenter, 
G, A. King, W. S. Johnson and E. E. Lochridge. 

Nicuots, JoHN Ropert, Cambridge, Mass. (Age 31, b. Somerville, 
Mass.) Graduate of Harvard College, 1906, degree of A.B.; course included 
engineering work chiefly. From Aug., 1906, to Feb., 1907, draftsman and 
reinforced concrete designer with contractor in Montreal; from Feb., 1907, 
to Dec., 1908, draftsman and reinforced concrete designer with Eastern 
Concrete Const. Co., Boston; from Feb. to July, 1909, with H. P. Con- 
verse & Co., on reinforced concrete design and estimate; from Sept., 1909, 
to June, 1913, instructor in civil engineering, Harvard Univ.; occasional 
consulting work; since June, 1913, engineer with Monks & Johnson, Boston, 
on design, detail and estimate of structures, mostly buildings, in reinforced 
concrete, wood and steel; Assoc. M. Am, Soc. C. E. Refers to Granville 
Johnson, L. J. Johnson, Mark Linenthal, C. E. Nichols, J. B. Newton and 
E. F. Rockwood. ; 

O’NEtL, THomas P., Cambridge, Mass. (Age 39, b. Cambridge, Mass.) 
Educated in Cambridge public schools. From 1893 to 1900, brick mason; 
from 1900 to 1903, foreman mason; from 1903 to I912, general contractor; 
from 1912 to date, supt. of sewers, Cambridge. Refers to W. A. Ford, Hugh 
Nawn, C. V. Reynolds and J. M. Wiseman. 

. SMITH, FREDERICK DEXTER, Malden, Mass. (Age 51, b. Foster, R. I.) 
Graduate of Mass. Inst. of Tech., civil engineering course, class of 1893. 
Since June, 1893, has been employed by Metropolitan Sewerage Comm., as 
‘assistant engineer, division engineer, and finally engineer in charge of Metro- 
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politan Sewerage Works. Refers to Dexter Brackett, H. A. Carson, F. H. 
Fay, C. R. Gow, C. M. Spofford and J. R. Worcester. 

SUMNER, MERTON RoGers, Hopedale, Mass. (Age 28, b. South Paris, 
Me.) Graduate of Univ. of Maine, degree of B.S. in civil engineering. From 
June to Sept., 1911, with Stone & Webster, as student; from Sept., 1911, to 
Jan., 1912, instrumentman and assistant to resident engineer on electric 
inter-urban railway construction in Texas; from Jan., 1912, to July, 1912, 
inspector on contract timber work; from July to Nov., 1912, foreman of 
bonding work, using welded bonds of the E. Ry. I. Co., Cleveland, Ohio; 
from Noy., 1912, to Feb., 1913, transitman on hydro-electric power develop- 
ment, Big Creek, California; from Feb. to Mar., 1913, transitman on con- 
struction of Dam No. 3, Big Creek development; from March to May, 1913, 
chief inspector on construction of reinforced concrete intake and gate tower; 
rom May to June, 1913, chief power-house inspector on construction of power 
house No. 2; from June, 1913, to date, assistant engineer with Draper Co., 
Hopedale, Mass. Refers to W. A. Cobb, W. J. Dotten, F. A. Marston, 
J. P. Wentworth and H. A. Boardman. 

Swaty, Davin Y., Newtonville, Mass. (Age 37, b. Algoma, Wis.) 
Graduate of Univ. of Wisconsin, 1898, civil engineering course. From 1898 
to 1899 with Philadelphia firm, as inspector of structural steel at mills and 
bridge shops; from Aug., 1899, to Jan., 1903, inspector of structural steel, 
draftsman, transitman, etc., with chief engr., Pennsylvania Lines West of 
Pittsburg; from Jan., 1903, to Sept., 1905, assistant engineer, M.-of W., 
Southwest System Pennsylvania Lines West of Pittsburg; from Sept., 1905, 
to Noy., I9II, assistant engineer, M. of W., Northwest System Pennsylvania 
Lines West of Pittsburg; from Nov., 1911, to date, contracting engineer 
with Great Lakes Dredge & Dock Co. Refers to A. E. Hatch, L. E. Moore and 
L. G. Morphy. 


LIST OF MEMBERS. 


ADDITIONS. 
RIOUWAES WILEIAM Noe 32.2. teds cose vee 28 Bickerstaff St., Boston, Mass. 
Jounson, ERIC bn... cee eee cece eee 60 Clifton St., Dorchester, Mass. 
AMALDSEGIN,| |DEDUS = 25 rude ove dee ee aie 317 Tremont Bldg., Boston, Mass. 


CHANGES OF ADDRESS. 


PASE My ONT River aysiean dic wees -)alaes 3109 Clarendon Road, Brooklyn, N. Y. 
BRUNEL, RICHARD. ....-.500-- 82 ecee eee eenes 39 Cedar St., Portland, Me. 
BN BRS AGAR Cx g oo Frcs loge S 405i Augustana College, Rock Island, Il. 
Peucuson, Joan No. ceceace 05. eee nse nents Ponkapoag, Mass. 
MORPELE Male dae cs 6 x ots ese peidrate 2 28 Eliot St., Watertown, Mass. 
Neus, ARTHUR Iso...¢..... 02 fees ees 117 Myrtle St., Melrose, Mass. 


PErtEs, EUGENE En. . 2.226 Att ege o 493 Commercial St., Portland, Me. 
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POWERS, CHARLES F..........---.; 27 Hollingsworth St., Mattapan, Mass. 
PREBLE, J. JARVIS.....0-0+0-eceecceeeeeeees 45 Rich St., Waltham, Mass. 
Rice: “ARTHUR! Pes ogee acinar een 34 Chestnut St., Everett, Mass. 
RosBinson, ASHLEY Q........-.--- Room 9, Horton Block, Attleboro, Mass. 
SAVALL Ey CHARGES lores o)-totcts =) ici ste to useetelel a 3803 Gaston Ave., Dallas, Tex. 
SEARS ¢ CARVIN, alas siciemlemote eis onic oncreron fete teins Box 13, East Dennis, Mass. 
SIMPSON), En ROUAND oc). os iel> -ioeisiserinrtar 176 Federal St., Boston, Mass. 
SOKOUE Ai) ACOBM Vic. ecen: tele etesleryen= tes 878 Dixwell Ave., New Haven, Conn. 
WARING}: CHARLES (15 i. cet 2o)ociesieterelasia es tae eo Buzzards Bay, Mass. 
WENTWORTH, OHNe Dyeietllel= cllstets oe ietoloraer ate 7 Park Ave., Malden, Mass. 
WISEMAN a] OHUN IVA: ep cetel em ieunrerstege ts ever eter 15 Beacon St., Boston, Mass. 
DEATH 
COCHRANE, CLIBFORD GING. sa stm aiopote cenion oe kettelo deat Died August 8, 1914 


EMPLOYMENT BUREAU. 


Tue Board of Government maintains an employment 
bureau for the Society, to be a medium for securing positions 
for its members and applicants for membership, and also for 
furnishing employees to members and other desiring men capa- 
ble of filling responsible positions. 

At the Society room two lists are kept on file, one of posi- 
tions available and the other of men available, giving in each 
case detailed information in relation thereto. 


MEN AVAILABLE, 


239. Age 43. Educated in Boston public schools and Mass. Agri- 
cultural College. Experience includes five years with distribution depart- 
ment of Metropolitan Water Board on pipe line surveys and construction, 
five years in city engineer’s office, Waterbury, Conn., on drafting, computa- 
tion surveys and construction, mill work and installation of septic tanks; 
and eight years with Board of Water Supply of New York City on Hudson 
River Crossing of Catskill Aqueduct; was assistant to division engineer on 
this work for six years and in direct charge for two years, when work was 
completed; has also had experience in engineering work for Bay State Street 
Railway Co., Underground Dept. Particularly desires position in Boston. 

278. Age 20. High school graduate and student for one-half year at 
Boston Y. M. C. A. Co-operative Engineering School. Has had no practi- 


cal experience. Is willing to start at small salary with opportunity to learn 
and advance. 
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279. Age 38. Has had nineteen years’ experience as draftsman, de- 
signer, etc., on various kinds of industrial plants and their equipment, in- 
cluding reinforced concrete and steel mill construction; has had special 
training in dye-house work for woolen and worsted mills. Desires position 
as draftsman. Salary desired, $5 per day. 

280. Age 25. Student for four years at universities of Valparaiso 
and Wisconsin. Experience includes five field seasons on topographic map- 
ping with U. S. Geological Survey; six months as draftsman with Lynn 
Water Department, and two seasons as rodman and inspector with B. & 
M. R.R. Desires position as engineer or draftsman; would take temporary 
position. Salary desired, $80 per month. 

281. Age 38. Educated in public schools of Boston and at Tufts 
College in scientific course. Experience includes two years on highway 
construction; two years in mining engineering; five years on river and harbor 
improvement and ten years as designer, estimator, etc., on sewerage work, 
including office experience as assistant engineer. Desires position as inspec- 
tor or as assistant in field or office. Salary desired, $150 per month. 

282. Age 37. Student for five years in evening engineering classes of 
Boston Y. M. C. A. Has had fifteen years’ engineering experience, including 
designing of special tools and machinery and improving of factory equipment 
and systems for General Electric Co., detailing and layout of industrial and 
power plants and designing of structural steel for various architects and en- 
gineering firms. Desires immediate engagement at reasonable salary. 

283. Age 31. Student for two years at Norwich Univ., Vermont, 
civil engineering course. Has had about five years’ experience as designer 
and draftsman, also two years’ practical experience in foundry; is familiar 
with all kinds of mathematical computations, including higher mathematics; 
good detailer and designer on steel and reinforced concrete. Desires a perma- 
ment position as steel designer. Salary desired, $25 per week. 


LIBRARY NOTES. 
RECENT ADDITIONS TO THE LIBRARY. 


U. S. Government Reports. 

Annual Report of Interstate Commerce Commission for 
1914. 

Annual Report of Secretary of Commerce for 1914. 

Annual Report of Superintendent U. S. Coast and Geodetic 


Survey for 1914. 
Production of Asphalt, Related Bitumens, and Bituminous 
Rock in 1913. David T. Day. on 
Basket Willow Culture. George N. Lamb. 
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Chinese and Japanese in United States in 1910. 

Statistics of Clay-Working Industries in United States in 
1913. Jefferson Middleton. 

Hints on Coal-Mine Ventilation. J. J. Rutledge. 

Production of Cobalt, Molybdenum, Nickel, Tin, Tita- 
nium, Tungsten, Radium, Uranium and Vanadium in 1913. 
Frank L. Hess. 

Contributions to Economic Geology, 1912. Part II. — 
Mineral Fuels. Marius R. Campbell. 

Contributions to Stratigraph of Southwestern Colorado. 
Whitman Cross and Esper S. Larsen. 

Copper in 1913. B.S. Butler. 

Supply and Distribution of Cotton, 1914. 

Statistics of Express Companies in United States, 1912. 

Fuel in Briquetting in 1913. Edward W. Parker. 

Gems and Precious Stones in 1913. Douglas B. Sterrett. 

Gold, Silver, Copper, Lead and Zinc in California and Ore- 
gon in 1913. Charles G. Yale. 

Gold, Silver, Copper, Lead and Zinc in Utah in 1913. 
V. C. Heikes. 

Gold, Silver, Copper, Lead and Zinc in New Mexico and 
Texas in 1913. Charles W. Henderson. 

Humidity of Mine Air. R. Y. Williams. 

Production of Iron Ore, Pig Iron and Steel in 1913. Ernest 
F. Burchard. 

Lead in 1913. C. E. Siebenthal. 

Production of Metals and Metallic Ores in 1912 and 1913. 
J. P. Dunlop. 

Mineral Resources of Alaska, 1913. Alfred H. Brooks and 
others. 


Montana Group of Northwestern Montana. Eugene 
Stebinger. 


Moorcroft Oil Field and Big Muddy Dome, Wyoming. 
V. H. Barnett. 


Constitution of Natural Silicates. Frank Wigglesworth 
Clarke. 


Norway Pine in Lake States. Theodore S. Woolsey, Jr., 
and Herman H. Chapman. 


PROCEEDINGS. 13 


Study of Oxidation of Coal. Horace C. Porter and O. C. 
Ralston. 

Ore Deposits in Sawtooth Quadrangle, Blaine and Custer 
Counties, Idaho. Joseph B. Umpleby. 

Phosphate Deposits of South Carolina. G. Sherburne 
Rogers. 

Precise Leveling from Brigham, Utah, to San Francisco, 
Cal. William Bowie. 

Prevention of Accidents from Explosives in Metal Mining. 
Edwin Higgins. 

Primary Triangulation on One Hundred and Fourth Meri- 
dian, and on Thirty-Ninth Parallel in Colorado, Utah and 
Nevada. William Bowie. 

Production of Platinum and Allied Metals in 1913. David 
itt ay. 

Quarry Accidents in United States in 1913. Albert H. 
Fay. 

Reconnaissance in Canyon Range, West-Central Utah. 
G. F. Loughlin. 

Results of Spirit Leveling in Hawaii, 1910 to 1913 inclusive. 
R. B. Marshall. 

Slate in United States. T. Nelson Dale and others. 

Taxation and Revenue Systems of State and Local Govern- 
ments, I9I2. 

Water-Supply Papers 332-C, 340-C, D and E, 344, 363 
and 364. 


State Reports. 

Massachusetts. Report of Directors of Port of Boston on 
Fish as a Food or Fish against Meat. 

Massachusetts. The Port of Boston, U.S. A. 

Pennsylvania. Reports of Water Supply Commission for 
1910-12 inclusive. Gift of Desmond FitzGerald. 


City and Town Reports. 


Boston, Mass. Larger Aspects of Passenger Transporta- 
tion in Metropolitan Boston. ; 
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Cambridge, Mass. Annual Report of City Engineer for 
1913. 
‘ Aone N.H. Report on Water Supply. G. C. Whipple. 

Detroit, Mich. Annual Report of Department of Parks 
and Boulevards for 1913. 

Detroit, Mich. Annual Report of Water Commissioners 
for 1913-14. 

Northampton, Mass. Annual Reports of City Officers for 
1913. 


Miscellaneous. 


American Society for Testing Materials. Proceedings for 
1914. Gift of L. C. Wason. 

Encyclopedia Britannica, Ninth Ed., Vols. I to XXV in- 
clusive. 

Canada, Dept. of Mines. Production of Coal and Coke in 
Canada in 1913, by John McLeish; Report on Building and 
Ornamental Stone of Canada, Vol. II, by William A. Parks; 
Gypsum in Canada, by L. H. Cole. ; 

Cape Cod and Its Canal. J. W. Miller. 

The Cape Cod Canal. August Belmont. 

The Cape Cod Canal. A. St. Clair Smith. 

Concrete-steel Construction. Part I. Buildings. Henry 
T. Eddy and C. A. P. Turner. Gift of latter. 

Conditions and Outlook of the Big New Waterway across 
Cape Cod. 

New International Encyclopedia, Vols. I to VI inclusive. 

National Importance of Cape Cod Canal. Colby M. 
Chester. 

American Sewerage Practice, Vol I. Leonard Metcalf and 
H. P. Eddy. Gift of the authors. 
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NEW ENGINEERING WORK. 


(Under this head a brief description of new engineering work contem- 
plated or under construction will be presented each month. Engineers and 
contractors are requested to send descriptions of their work to the Secretary, 
715 Tremont Temple, Boston, before 1st of each month.) 


United States Government.— Navy DrpartMENT. — Navy 
Yard, Boston. — Work on building a slip for ship construction 
has been commenced. 


Commonwealth of Massachusetts.— METROPOLITAN WATER 
AND SEWERAGE Boarp. — Sewerage Works. — The new screen 
house at the East Boston Pumping Station is under construction; 
work under compressed air is being carried on at the siphon 
at Washington Street, West Roxbury, and the new 60-in. cast- 
iron relief outfall sewer at Nut Island is being laid. 

METROPOLITAN PARK Commission. — The following work 
is in progress: 

Charles River Reservation. — Plans are being prepared for 
construction of reinforced concrete and stone masonry arch 
bridge over the Charles River at North Beacon St., Boston and 
Watertown. 

Middlesex Fells Parkway. — Reconstruction of burned por- 
tion of Wellington Bridge. 

Winthrop Shore Reservation.— Constructing sea wall at 
northerly end of reservation. 


City of Boston. — Pustic Works DEPARTMENT, HIGHWAY 
Division, PAvING SERVICE. — Work is in progress on the fol- 
lowing streets: 


East First St., South Boston. Sea wall. 
Seaver St., Walnut Ave. to Humboldt Ave. Grading. 
Seaver St. Humboldt Ave. to Blue Hill Ave. Grading. 
Spring St., Gardner St. to Webster St. Bituminous macadam. 


Pusiic WorKs DEPARTMENT, SEWER AND WATER DIVISION, 
SEWER SERVICE. — The construction of the Davenport Brook 
conduit is in progress between Adams and Frederika Sts., 
Dorchester, where it is 11 ft. by 5 ft. 6 in,, and between Carruth 
and Wessex Sts., where it is 7 ft. 4 in. by 7 ft. 6 in. 
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At the pipe siphon under the Metropolitan sewer on Wash- 
ington St., West Roxbury, tunneling under air pressure. 

In Beach St., between Atlantic Ave. and South St., 4 ft. 
by 5 ft. 6 in. concrete sewer is being laid to replace a 4 ft. by 5 
ft. wooden sewer. 

Work on the Union Park St. Sewage Pumping Station is 
in progress. 


Aberthaw Construction Company. — Quincy, Mass. — For 
the Fore River Shipbuilding Corp., the Aberthaw Construction 
Company is building a storage building on which the steel frame 
is now completed. Brickwork is being started, and the concrete 
floors are being put in at the same time. The interesting features 
of this work are the handling of the masonry under cold weather 
conditions, the building being enclosed by canvas and heated. 


The Fore River Shipbuilding Corp., Quincy, Mass., has 
the following work in progress: 

U.S. Battleship Nevada. 

Eight U.S. submarine boats. 

Four torpedo boat destroyers for the U. S. Navy. 
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By Henry M. Waite, City MANAGER OF DayTON, OHIO. 
(Presented November 18, 1914.) 


IT gives me great pleasure to be able to try and explain in a 
brief way some of the points which have come up in the working 
out of our new charter in Dayton. For cities of Dayton’s size, 
it has been somewhat of an experiment to the public in general 
and in fact to the minds of a great many people who have advo- 
cated this particular form of government. We have avoided 
going before the public and attempting in any way to advise 
as to how we have felt, believing that our real duty was to re- 
main on the job and make it a success and then do our talking 
afterwards. We feel, however, that now, after having had it in 
operation for nearly eleven months, we can say very candidly 
that it has so far proved itself as a practicable means of governing 
cities of at least that size. In looking at it from the point of 
the engineer, it is somewhat difficult to draw any direct com- 
parison of efficiency until we have completed our figures for the 
year, and I will therefore briefly go over some of the things, par- 
ticularly our charter, with a little of the history leading up to 


Note. Discussion of this paper is invited, to be received by Edward C. Sherman, Editor, 
6 Beacon Street, Boston, before March 15. to15, for publication in a subsequent member of the 
JOURNAL. : 
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that charter, and then some of the diversified work it is necessary 
to do in the running of a city. 

We all realize, of course, in the first place, that the more 
efficient the government the more efficient the employee. Mr. 
Bryce, in ‘‘ The American Commonwealth,” says; “‘ There is 
no denying that the government of cities is the one conspicuous 
failure of the United States.”” This statement should not be 
too discouraging because I believe that we have appreciated 
that fact and have been for years improving our municipal con- 
ditions. In 1876 a New York commission was appointed to 
devise a plan for the government of cities outside of New York, 
and they suggested the following as the causes of failure of the 
old forms of municipal government: First, incompetent and 
unfaithful boards and officers. Second, the introduction of 
state and national politics into municipal affairs. Third, the 
assumption by the legislature of the direct control of local 
affairs. It has been some time since we began to realize that 
the city was a business corporation rather than an integral part 
of the state. In 1882, Brooklyn took a step toward concen- 
trated power in connection with concentrated responsibility, 
by giving the mayor absolute appointive power, without the 
confirmation of a council, of the principal executive heads of 
departments. Mr. Woodruff epigrammatically states, ‘‘ For 
policy we must elect; for efficiency we must appoint.’”’ This 
has been the difficult step to achieve. It means the breaking 
down of the political hold upon our municipal affairs, the lessen- 
ing of the grasp of the professional politician who works for a 
well-oiled ward and precinct organization first, and efficiency in 
the municipal organization second. As Mr. Bryce again so 
aptly states, there is a want of method for fixing public responsi- 
bility on the governing persons and bodies. We know from 
experience that the political appointee’s first allegiance is to his 
political machine. This tradition has shackled general advance. 
Our advance in municipal affairs, in municipal reforms, has been 
made, up to the last few years, under the old cumbersome federal 
form. Personally, I consider that the commission form, and 
by that I mean the direct commission form, is only a develop- 
ment of the federal form, and not a change, as by it you select 
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through the ballot specific men for specific functions of govern- 
ment. ‘The results of this, of course, have been partly good and 
partly bad. 

In many instances we have been prone to still further harass 
and embarrass our municipal officers with laws and red tape, 
all tending to increase the cost of administration. We can say 
of American cities what Dante said of his own city, ‘‘ They are 
like the sick man who cannot find rest upon his bed, but seeks 
to ease his pain by turning from side to side.” Our failures 
have been due, primarily, to the form of government, and not 
entirely to the individuals who administer it: 

If you will draw an organization chart of the federal form 
of municipal government you cannot conscientiously point to 
the department which is responsible for its failure. I have 
been somewhat surprised to find the complexity of the municipal 
organization in Massachusetts. I was in Springfield last night 
and looked over the organization chart drawn to represent the 
present Springfield charter. It made the ordinary Chinese 
laundry check look like thirty cents. But take even an ordinary 
form of federal government in the middle west where we have 
but the one board. Just let your minds for a moment draw that 
chart, which would be first the electorate and then the one body 
known as the council. It would also extend to the mayor and 
through each department to the city attorney, the auditor and 
the treasurer, and then the various functions of the municipal 
government beneath; following through your chamber or your 
council, connect up to the mayor, connect up again to the city 
attorney and the auditor and the treasurer, and you get a com- 
plex organization that no man would have in his own business. 

It has been our custom always to hold the mayor responsible, 
yet we have absolutely tied his hands so that he really has no 
power and no possibility for individuality. You, in your own 
organizations, would not tolerate it for a minute, and yet we, 
the electorate, have put this kind of an organization up to our 
representatives of government and expected them to operate 
economically and efficiently. What man familiar with business 
organization and without political ambition would assume the 
responsibility of running such a municipal organization? With 
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such an organization and with no power to change it, who would 
assume the responsibility of running the Pennsylvania Railroad, 
especially if, in addition to this limitation, he would be given 
men who must be put into certain jobs and allowed only one 
party from which to draw those men? To my knowledge, there 
are instances where city engineers have been told what inspectors 
to put on a certain piece of work after the contract had been let, 
and you know the answer. Again Mr. Bryce says, “ Many of 
the mistakes which have marked the progress of American cities 
have sprung from deceptive conception. The aim was to 
make a city government where no officer by himself should have 
power enough to do much harm. The natural result of this 
was to create a situation where the officer had no power to do 
much good.’ In years past, we have laughed at that condition, 
and it is true that we have tried in every way possible by addi- 
tional laws to surround our public officials in such a manner 
that they could not do much harm. That is the confidence that 
we, as a rule, have had in our public officials. 

Municipal efficiency depends upon the divorce of politics 
from municipal affairs. This has been accomplished in Dayton. 
The laws of the state of Ohio now allow cities to write their own 
charters — to enjoy home rule. Dayton accepted the commis- 
sion-manager form. Five commissioners were elected last 
November, a year ago, on the short, non-partisan ballot. They 
were all business then excepting one, who was a laboring man 
and a typesetter. The commission appointed a city manager, 
and it is in the manager’s power to appoint the five Directors, 
for the departments of Law, Finance, Welfare, Safety and 
Service. The Director of Law, who is the city attorney, was 
on the charter commission and had more to do with the drafting 
of the charter than any one else. He is familiar with it in every 
detail. The Director of Finance has been connected with 
various manufactories in Dayton as treasurer, accountant and 
purchasing agent, and was.a public accountant when appointed. 
The Finance Department includes the Divisions of Auditor, 
Treasurer and Purchasing Agent. The Director of Welfare 
was a minister in charge of a large parish, had studied civic 
conditions in this country and abroad, and was much interested 
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in welfare work. He was doing his greatest service to the 
community outside his church. He has charge of the Divisions 
of Health, Recreation, Parks, Play grounds and Amusements, 
Charities, and all welfare work. 

The Commission was unable to recommend anybody i 
Dayton for the positions of directors of Safety and Service a 
strongly advised going out of the city for men to fill these two 
positions. As a consequence, the Director of Service was 
appointed from out of the city. He is a graduate of the Massa- 
chusetts Institute of Technology, has been connected with 
municipal work in various cities, was on the New York Aque- 
duct, has been connected with municipal research work, and 
Was my principal assistant in Cincinnati. He has charge of all 
engineering, the construction, repairing and cleaning of streets 
and sewers, water-works, collection of garbage and ashes, and 
the supervision of all public utilities. The duties of the Director 
of Safety are the charge of the divisions of Police, Fire and 
Weights and Measures. This position has never been filled, 
and the city manager is now acting Safety Director, with the 
prospect that he will be able in time to develop material in 
either of those divisions suitable for the position of Safety 
Director, and we are very glad to say that we have been able 
to do this and that such an appointment will be made the first 
of the year. 

From the above it will be seen that we have been able to 
select men trained in the particular position which they were 
called upon to fill. Furthermore, I cannot tell you to-day the 
political faith or party of any of the commissioners or of any 
of the directors, or any other appointees. 

The commissioners form the legislative body and the 
manager is directly responsible to them. They are, if you please, 
a board of directors, and direct the policy of the city government. 
They meet once a week, passing all ordinances, referring ques- 
tions which come to them to the city manager for investigation, 
action or report. Together with the city manager, they form 
the board of Sinking Fund Trustees, with the Director of Finance 
as secretary. The directors of the various departments are 
held responsible for their various departments. They meet 
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once a week with the city manager, when important questions 
in each department are taken up and discussed. 

Draw a chart of this form of organization and compare it 
with that of the federal. In our organization chart you have 
the electorate going direct to the commission, the commission 
direct to the city manager, the city manager direct to the func- 
tions of the government. It is the same organization that you 
_ would have in any of your own businesses or in any corporation. 
In which of these charts is there the greatest possibility for 
efficiency? In our organization every one knows that the officer’s 
or employee's retention depends upon his results. 

By a scientific budget the expenses of every department 
under the various divisions and subdivisionns are absolutely 
fixed, and our expenditures are thus limited to actual income. 
As an example of what that would mean in the governing of a 
city, we had occasion to make an 8 per cent. cut in all depart- 
ments this year; as you know, in all municipal work, you first 
have to estimate your income, and it is necessary of course to 
make your budget for expenses come inside of your income. 
There was a falling off in some of our taxes, and we found in the 
month of July that we would have a decrease in our revenue, 
below what we had estimated, of about $50 000. By the use of 
the scientific budget aided by our accounting system (and by this 
accounting system I can go into the accountant’s office to-day 
and know exactly the balance in every account, and at the end 
of each month the head of each department receives a financial 
statement which shows his original allowance in the budget, his 
expenditures to date, and his unencumbered balance), we were 
enabled to call in the head of each department and cut down 
our expenditures $45 000 in two days. The new balances were 
immediately furnished to each department and their organiza- 
tions were brought to that new basis. I have attempted that in 
other cities where they have a fairly good budget but where 
each department always says, ‘‘ Cut it off the other fellow.” 

To give an idea of the various activities which come before 
a city manager or before the head of any city government, I 
will run over briefly some of the things which we have done. 
We have had up with the engineers of the railroads the question 
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of grade elimination, the plans have been prepared and we went 
before the people with a referendum bond issue for the city’s 
portion of the elimination of the grade crossings. This was a 
somewhat peculiar and a very interesting condition, because 
the people of Dayton absolutely demanded that one of the things 
which the new form of government must do was to eliminate 
grade crossings. We proceeded immediately to get the plans 
prepared and had our estimates of the city’s portion of the ex- 
pense, and at our last election put the question before the people. 
They voted it down. In other words, the people put the re- 
sponsibility on the commission. The commission immediately 
returned the responsibility to the public, and the public refused 
to pass the bonds. Of course, the peculiar financial condition 
had everything to do with the failure to pass the bonds, but at 
the same time the commission got the burden off their shoulders. 

Dayton has never had a building code. A board ‘or a 
commission was appointed, and a code is now being drafted 
and will be ready the first of the year. Street-car service has 


‘been improved, delays have been reduced, some re-routing is 


under way to give better service. 

The curse, of course, of most American cities is their lack 
of a comprehensive planning system. Each one in his own 
subdivision will plan as he sees fit to gain the most from his 
property. We have appointed a planning commission which is 
now preparing an estimate of what it is necessary to do to proceed 
on a plan to plat the city three miles outside of its present limits. 

The principal idea is that the success of any form of govern- 
ment must ultimately depend upon the people. If the people 
do not become and stay interested in that particular form of 
government, it will not be a success; regardless of what the 
government is, it must in the end go back to the people. So, 
therefore, the great thing to accomplish is to keep the interest 
of the people as closely as possible to the government, the gov- 
ernment all the time giving the public the benefit of everything 
it is doing. So various associations were formed to keep the 
people interested. The Civic Music League was one of them, 
the idea being to start community music ‘through community 
centers. It took so rapidly, however, and the people were 
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so interested in it, particularly the musicians, that they started 
a series of concerts for this year. The form of these concerts 
is somewhat unique and interesting. They are giving six con- 
certs in Memorial Hall, which will seat 3 000 people. The first 
concert was the Paulist choristers, with the complete house 
sold out at three dollars and fifty cents for the season of six 
concerts. This is.a little less than sixty cents a concert. When 
you realize that the Civic Music League is bringing here such 
artists as John McCormack and Alma Gluck, as well as several 
very fine symphony orchestras, you begin to know what this 
has meant to Dayton. A three dollar and a half ticket is good 
for any seat in the house. Two weeks before each event tickets 
are sent in for reservations. If any preference is expressed, it 
is fulfilled as nearly as possible. The Civic Music League has 
sufficient money to meet all expenses in connection with the 
concerts, with a balance of $1 500, Next year the season tickets 
will be reduced to three dollars. 

A new traffic ordinance has been formed and put into effect. 
An engineering firm has been engaged to aid us in designing 
methods of disposing of our garbage and wastes; we are doing 
the same thing with our sewerage system and our water-works. 
That is, we engage the best experts that we can get in the country 
for advisers and are proceeding with our plans on a compre- 
hensive scheme for the future. 

We have inaugurated a plan whereby the prosecutor holds 
an informal court every afternoon, and settles a great many 
cases outside the police court. Women police have been em- 
ployed. We have expedited our public work by putting in an 
arrangement whereby we can borrow money in advance of the 
assessments, which was never done before, allowing the con- 
tractor to be paid as he proceeds. Our water system is some- 
what antiquated, being originally planned for a city of 33 000 
people. We now have a population of 125 000. You know the 
result. A great many of the 125 000 cannot be furnished water, 
In one place there is a drop from 58 lbs. on one side of the river 
to 25 lbs. on the opposite side. 

A great many of our sewers are inadequate. All of these 
propositions are being worked out now on a comprehensive 


a 


ae eT eT 


COMMISSION—MANAGER FORM OF GOVERNMENT. 9 


scale, to take care of a population which we figure will be 200 000 
in 1930. Some of the details of the water-works were somewhat 
interesting. We found that cards had never been made on the 
engines, and as soon as we carded them we increased the horse- 
power 30 per cent. There were other interesting things which 
we found. An inch and a half steam connection for the first to 
the second receiver on a triple was found open. Nobody knows 
how long it had been open. We found in some of the valves that 
there were unequal lifts, there were unequal springs, and we 
saved about 50 per cent. There were about 50 per cent. of the 
springs that obeyed the impulse to lift at the proper time. 
There were innumerable things of that kind which were found. 
Our water is obtained from wells and our force pumps are the 
suction pumps. 

We have established a municipal garage. 

We increased the budget of the health department about 
60 per cent. over that of the previous year, and it is very inter- 
esting, while this is far from engineering, it gives an idea of the 
complexity of the questions that come up. For example, in 
the city of Dayton we found that there were three distinct 
nursing activities, two philanthropic and one municipal. They 
were covering the same territory in some parts of the city by 
three nurses, and some parts of the city were without any. All 
of the nurses, both philanthropic and city, were brought together 
in the Welfare Department and so handled from that department 
that there is no duplication of effort, with a decreased cost. 
There was philanthropic effort in playgrounds and gardens 
associations, and we found that both they and the city were 
paying for experts. We combined issues, made one large com- 
mittee, the city appointed part, the Playgrounds and Gardens 
Association appointed part, and all these efforts were brought 
together. As a sidelight, we told the citizens that, if they would 
clean up some of the vacant lots (and you will appreciate that 
after the flood there were a great many lots covered with rubbish 
as people cleaned out their yards into the first vacant place 
they could find), the city would haul off the rubbish and plow 
the lots, and it was most surprising to find that there were four 
hundred lots cleaned, four hundred dirty spaces turned into 
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gardens, four hundred families had fresh vegetables without 
any cost, and four hundred families had a new interest in life. 
One garden that I know of particularly was kept by three children, 
and in addition to supplying themselves and some of their 
neighbors, they sold seventeen dollars’ worth of vegetables from 
one lot. : 

Workhouse labor has been employed upon the streets in 
cleaning and in repairing and also in our public parks. 

We have established schools for police and firemen and 
the fire department has started inspections of buildings. These 
things are undoubtedly done here in the same way, but they 
have not always been done in that part of the country. 

Our accounting system is exactly the same as you would 
have in any private business. I doubt if any of you are familiar 
with ordinary accounting systems in cities. They have been 
changed ‘and added to a great deal. Every time there was a 
new function there was a new book opened. It is almost im- 
possible from the books of any of the cities that I have seen to 
get information which you or anybody else in his own private 
business would demand, and that is one of the first things we 
‘established in Dayton,—a modern bookkeeping system. Par- 
ticular expenses are kept on unit bases. 

We have diagrams which show the deadly parallel, and 
everybody is ranked on that parallel. There are no political 
debts to pay. Every man realizes that he stands on his own 
bottom. With our systems and our diagrams and charts we 
are able to put the city very close to a business basis. 

Our charter requires that the commission employ a public 
accountant who keeps a running check on our books. You will 
notice that that is entirely outside of the manager’s authority. 

I think that I have been able to demonstrate that it is 
possible to apply business methods to the running of a city and 
I believe that I have shown that the commission-manager form 
of government stands for efficiency, publicity and concentrated 
responsibility. If you don’t believe it, I would ask you to 
assume the duties of a city manager. The city manager is the 
point where every person puts his finger. We have a complaint 
station where all complaints come in and are distributed to the 
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proper departments, with a counter check and a follow-up 
system. I don’t need the follow-up system. * They follow me 
up. We try to keep our office door open all of the time, and as 
a result ninety per cent. of my time is spent there. This is un- 
fortunate in a great many respects, but it is working itself out, 
I believe, admirably. I think when the public finds that they 
can reach you they soon begin to believe they don’t need to. 

You can appreciate from this form of government that it 
is absolutely up to the city manager to make good or get out. 
The charter itself provides for a recall of the city manager. I 
do not know why that was put in; I don’t think it was necessary, 
as the commissioners are subject to recall, and I hardly think 
that it is necessary to subject an appointive official to the recall. 
However, it is in the charter. 

As I stated before, the city manager is not hampered by 
party or pull. It is customary, where I have been, under the 
old forms, when a new administration comes in, to clean the slate 
absolutely. I don’t know whether that is true here or not, but 
generally, if the Republican party is in power and the Demo- 
crats come in, everybody moves out the first of the year. That 
is a principle. Imagine running your own business on that 
basis, — that is, every two years change the entire organization! 
How long would it be possible to operate a business under such 
management? When we took hold the first of the year, we 
told everybody in office he could continue in office, that his 
retention depended entirely upon his ability and efficiency, with 
the result that we have found a great many good men, admirable 
men, who are familiar with the work and are anxious to get 
ahead. Some of them fell by the wayside, naturally. They 
have been replaced, with the result that we are building up an 
efficient organization. As an example, one of the department 
heads in the treasurer's department was behind in some of his 
work. I knew nothing of it, it hadn’t come to me, but some of 
the boys in the other departments heard of it. They doubled 
up from the other departments in that office at night and brought 
him up to date. I never heard of that before in any other form 
of government. My experience has been that they usually 
quit with their pencils in the air about 4 or 5 P.M. I am firmly 
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of the belief that this particular form of government is the most 
efficient: that has yet been tried, and I think I can repeat my 
opening statement, that the more efficient the government the 
the more efficient the employee. 

I believe that the position of city manager is an opening 
with immense possibilities for the engineer. There are now 
twenty-one cities governed by city managers. It is a natural 
position for the engineer. The larger problems of American 
cities of to-day are purely engineering. In smaller cities, the 
city manager acts in the capacity of city engineer, and in fact 
acts as the head of all the functions. There is, however, to my 
mind, gentlemen, a great drawback in getting trained engineers 
interested in municipal work. They shrink from publicity. 
And I will say very candidly that if you do, it is a good game 
to stay out of. You have got to make up your mind, if you do 
go into this line of work, that you can’t carry your feelings on 
your sleeve. It is a good deal as a man who had been mayor of 
Cincinnati when I first went there said to me,—‘‘ Waite, if you 
have a sense of humor you will last; if you haven't, they will 
drive you out of City Hall in two weeks’; and I believe it. 
They all have all kinds of ideas, and you have to treat them with 
respect, of course, and you have to let them feel that you are 
interested in whatever they have. If it is a new scheme for 
reducing garbage, or whatever it may be, you have to listen to it. 
An engineer, as a rule, can’t stand that kind of a game. Ap- 
parently he doesn’t want to, he isn’t trained that way. He 
shrinks from publicity, and why? I have tried to reason it out 
in my own mind and I have come to this conclusion,— I may be 
wrong, I may be right, but I will give it to you as I -hhave reached 
it,— that the engineer is given a proposition to work out and he 
absolutely retires to work out that proposition. I suppose it 
is fair to say that seventy-five per cent. of the things which 
engineers work out are never made public, and if they are made 
public, they are made public by somebody else, some board or 
some committee. The engineer retires to work out his propo- 
sition and then makes his report in writing. I thought for a 
long time that the trembling and the shaking of my knees when 
I had to get up before a body of men and make a proposition 
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was purely personal. But I discovered that it was the result of 
having carried on all my work alone, without the thought of 
ever having to go before the public to argue or explain its details, 
and there are a great many men, engineers, who have that same 
feeling. I never will forget the first time I had to go before a 
board of directors and explain a report. I had written to them 
before but had never had to speak to them. And if you will go 
back you will find that in your college training the same was 
true; you wrote everything, you never had to speak. I think 
a great deal of the fault is due to our education, that the educa- 
tional institutions do not realize the importance of the engineers’ 
being able to approach the public, and it is a detriment and a 
handicap to the profession. 

It has been quite pleasing to find that a great many colleges 
are now including municipal courses. We have had in Dayton 
a great many requests from young men to come and study and 
work with us with the idea of getting the benefit of that experi- 
ence. One of the training bureaus in New York asked me how 
many men we could take, and I told him that we could take 
care of two, with this understanding, that they would give me 
one student who was not professional and one who was from an 
engineering school. To my mind, this particular field is opening 
~ to the engineer and I desired to make that comparison between 
the graduates of the two types of schools. But to our surprise 
we found that while the academic colleges had scholarships that 
could be applied to such work, none of the scientific colleges had. 

There are, all through the American cities, numerous me- 
chanical, civil and electrical engineers who are doing municipal 
work. The ordinary engineer will not go into office in a city 
because he feels that under the old scheme there will be a change 
about every two years (and good old Massachusetts puts them 
out sometimes every year), and an engineer will not take that 
risk. But here is a new field opening up which is creating a 
position for him which is made for him, if he desires to take 
advantage of it. 

We are being called upon very frequently to recommend 
somebody as a city manager somewhere, and it is pretty hard 
to pick the material from men who are drawn in municipal work, 
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If the engineer desires to get into this opening and take advantage 
of this new territory which is rightfully his, there is going to be, 
to my mind, a wonderful field. I think it is the opening of a 
new field for him, and I believe the beginning of a new era for 
the government of municipalities. 


DISCUSSION. 


Questions asked and the answers given by Mr. Waite. 
Also discussion by Hon. James Logan. 

Question: What has been done about flood prevention at 
Dayton? 

Answer, by Mr. WattE: The flood prevention is under a 
commission — under a flood prevention board, and after con- 
siderable study they agreed that the successful plan would be 
by retention reservoirs. Laws have been drawn and passed 
by the legislature, and the constitutionality of the bill has been 
attacked. It has passed into the Court of Appeals and has 
now gone before the Supreme Court. The engineers are pro- 
ceeding, however, with their plans for their reservoirs and dams 
and will have everything ready as soon as the legal end has been 
disentangled. 

Q. What is the function or scope of the Commission? 

A. Legislative. It is legislative; it is the policy board, just 
as a board of directors would be. It designates the policy, passes 
all legislation, and tells the city manager what he can do. We 
work together exactly as a board of directors and the president 
of any large organization. 

Q. What are the terms of office of the Commission? 

A. Four years. Two are elected every four years, and 
three every four years— alternate years. The commissioner 
receiving the largest number of votes is the mayor, who presides 
over the Commission. 

Q. Does it take three times four, or twelve years, to change 
the policy of the Commission? 

A. No. On the first election, two were elected for two 
years, the two commissioners receiving the least number of 
votes, so that at the end of.two years two more will be elected, 
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Q. What is your term of office? 

A. There is no term of office. 

Q. What is the tax rate in Dayton? 

A. The tax rate this year was 14.4; next year it is to be 
13.6 on a one hundred per cent. valuation. 

Q. Do the commissioners receive salaries? 

A. Yes, $1 200 a year; and the mayor $1 800. 

Q. How much time do they have to devote there? 

A. It takes one morning a week, from 9.30 to 12.00, and 
then of course they go around the city if there is anything of 
particular importance. Any question of improvement which 
comes up goes to the Commission, and the Commission refers 
it to the manager. We investigate and make our report. If 
it is something of importance, we ask the Commission to go out 
and look it over. 

Q. Do I understand that the heads of the various depart- 
ments are appointed by the manager? 

A. Yes; appointed by the manager, with unofficial approval 
of the commissioners. 

Q. How do you appoint your other subordinates? Are 
they confirmed by any civil service? 

A. Yes. We have civil service. We take them from the 
list, but it is quite different from the federal form. Under our 
civil service rules, they put up the entire list. We can select 
any one from it. 

Q. Doesn’t that make it rather embarrassing? 

A. I don’t call that embarrassing. 

Q. How do you finance the repaving of the streets? Does 
that come out of the tax levy? 

A. Repairs come out of current revenues and expenses. 
New improvements come out of assessments. The city bears part. 

Q. What part does the city bear? 

A. On a street which is being paved for the first time, we 
assess 98 per cent. The city takes care of the two per cent. 
and the intersections. 

Q. And they stand for it?. 

A. Yes, sir. We are not spoiled by as much money as you 


have in this part of the country. 
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. What is the valuation? 

. $165 000 000. 

. What is the net debt? 

A little less than six million, $5 763 000. 

The city manager is appointed by the C omission. 
e subject to removal by them? 

. Yes, sir. Or by recall of the people. 

What method do you use in assessing property? 

. The Board of Assessors. 

Is that Board of Assessors appointed? 

. Appointed by the governor of the state. 

. Then you and your Board of Directors have no power 
over the assessors? 

A. We have no power over the assessing or the tax rate. 
That is, the assessing is done by the Board of Assessors appointed 
by the governor, and the tax rate is set by the budget commis- 
sion. A budget commission is formed for each taxing district. 
In our district it is comprised of the county auditor, the city 
attorney, and our mayor. We have two voices against one. 
That budget commission takes its entire revenue and will first 
set aside the interest and sinking fund for the debts of the various 
political divisions, that is, the county, the schools and the city. 
We have to put our budget before that budget commission and 
then they apportion what is left to the three divisions. Of 
course, the state levy is always fixed and has to be met. 

Q. How are the expenses of the schools met? 

A. The School Board present their budget at the same 
time that the county and city do, and it is all met out of the 
one levy. 


Q. I understood you to say that the auditor was appointed 
by the treasurer? 

A. By the finance director. There is a finance director 
who has under him the treasurer, the auditor and the purchasing 
agent. 


Q. Why is the auditor under the same control with the 
_ treasurer? 


A. I can’t see any objection to it, with an outside running 
check. 
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Q. How are the expenses of the School Department handled? 

A. By the School Board alone. 

Q. That is, the School Board is a separate government 
entirely? 

A. We call it a separate political division. We have the 
four political divisions, the expenses of which have to be met 
through this budget commission. 

Q. Has the mayor any powers outside the Commission? 

A. No. He says he is the ‘speaking member.” Of 
course, the laws of the state require a mayor. The signature 
of the mayor is necessary on some documents, but he has no 
more power or authority than the rest of the Commission except 
he is its presiding officer. 

Q. Chairman of the Board of Directors? 

A. Not chairman of the Board of Directors, chairman of the 
Commission. 

Q. How are the commissioners nominated ? 

A. By a petition, two per cent. signers. 

Q. Is there any tendency of this form of government to 
take over the public utilities? Do you think this form of gov- 
ernment could run a lighting station, say, as economically as a 
private company? 

A. Of course I will have to say that I think we can, but I 
hope we won't have to. We have a water-works, and that is 
enough for the present. 

Q. What per cent. of the voting population is necessary 
for the recall? 

A. Twenty-five per cent. of the registered voters. 

Q. You spoke of the tax rate. Is that the same on all 
classes? 

A. The same on all classes; there is no classification. 

Q. When you selected the first five commissioners, how 
many were in the running? 

A. Fifteen. 

: Q. You said that the one receiving the highest number of 
votes becomes mayor. How does that work out on successive 
elections? I understand that you elected two for two years 
and three for four years. Is there any change in that? 
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A. The commissioner receiving the highest number of 
votes at that election when three are elected, would be the 
mayor. There is some dispute among themselves whether it 
is worth the difference in price or not. 

Q. How much money are you going to expend on your 
new water-works? 

A. Our plans call for an expenditure of one million in the 
next two years and two millions in sixteen years. 

Q. Can the Commission incur any bonded debt without a 
referendum of the people? 

A. Indebtedness of the city can be 5 per cent. of the dupli- 
cate, 23 per cent. of that the governing body may issue and the 
other 2} per cent. has to be issued through a referendum, so in 
order to avoid using up everything inside of our authority for 
24 per cent. on the large questions we put up for a referendum. 
Then there are other complications in taxation there. There 
are two limits of taxation, a ten-mill limit and a fifteen-mill limit. 
We can’t exceed fifteen mills, and out of the ten mills certain 
expenditures have to be met and the remaining expenditures 
from the five mills. 

Q. What percentage of the voters work for the National 
Cash Register Company? 

A. There seems to be a great deal of jealousy, I find, in 
Massachusetts, about the National Cash Register Company. 
I heard in Springfield that the city of Dayton was run by the 
Cash Register, and I suppose that is your leading remark. I 
assure you that it is not true. , 

Our city registration for the state election was 32000. I 
find that those proportions here in this part of the country are 
somewhat startling. In Springfield, last night, I learned that 
with a population of 100 000 (I think), they have a registration 
of 16000. We, with 125 000, have 32 000. 

Q. How many voted? 

A. Something over thirty-one thousand. The National Cash 
Register Company employs about five thousand people, a large 
number of whom are women, and women do not vote in Ohio. _ 


Q. What percentage of the city’s yearly income is used in 
the school department. 
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A. None of the city’s income is used in the schools. The 
schools this year or next year get about $415 000. 

Q. The total taxation is how much? 

rEg hk se 

Q. What per cent. is voted for the schools? 

A. The schools’ proportion out of that 13.6 was 4.16 on 
$165 000 000. 

Q. Was Dayton the first community that had a city man- 
ager? 

A. No, sir. 

Q. How long had the system been in operation before Dayton 
took it up? 

A. Staunton, Va., I think was the first, and they have had 
it there about four or five years. I think it was in 1908 or 1909. 
Then Sumter, S. C. 

Q. Do you find under the city management that you have 
decreased the running expenses of the city? 

A. Well, I wouldn’t put it that way. I will say that we 
have given them more for their money. 

Q. You give them full value for the dollar? 

A. Yes. 

Q. But you have only been running eleven months? 

A. That’s all. 

Q. Do you see any reasons why that cannot be applied 
to the larger cities in the country? : 

A. I can see reasons, yes. I will answer you the way I 
answered the New York World. After I had been in Dayton 
about forty-eight hours, the World wanted to know if I thought 
it was applicable to a city the size of New York, and I replied, 
‘Ves, if New York is ready to divorce politics from municipal 
affairs and keep them divorced.”’ 

- Q. How are the police appointed ? 

A. By civil service. 

Q. By the Commission? 

A. By the city manager. 

Q. Are there any cities larger than Dayton that have this 
form of government? 

A. No, it is the largest. 
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Q. Would you be surprised to know that this form of 
government was sent to two of the leading Boston papers in 
January, 1908, and refused publication? 

A. Was it the Lockport plan? 

Q. No, this very plan. Would you be surprsied to know 
that this plan had been sent to the two leading Boston publica- 
tions and refused? 

A. Iam very much surprised. 

Q. What has been done with the politicians out there? 

A. They are marking time. 

PRESIDENT Eppy. — Gentlemen, it is very rarely that the 
Boston Society of Civil Engineers, and I imagine that it is 
equally seldom that the Boston members of the American Society 
of Mechanical Engineers or the Boston Section of the American 
Institute of Electrical Engineers are honored by having in its 
audience present or past mayors, and I know you will be inter- 
ested to know that to-night Mayor Cook of Fitchburg, and very 
likely during a portion of the evening other mayors with whom 
I do not happen to be acquainted, were present. I want to 
trespass on your time just a moment, and I know that you will 
be well repaid for staying, to present to you a gentleman with 
whom I have been acquainted for many years. I haven't told 
him I was going to call on him, but I don’t need to. He has 
had real experience in city work, — Ex-Mayor James Logan, 
of Worcester, — and has come down here to listen to this ad- 
dress. I, know that he is brim full of ideas, and that he really 
wants to say something. 

Mr. LocGan.—I had no thought when I came here of 
being called on to speak. I came here as a humble learner, and 
I have learned some things. I have learned that the politicians 
in Dayton are marking time. And I will suggest that they are 
only marking time and that we will hear from them later. 

It is no easy position to be the mayor or business manager 
of a city. Being the hired man of 165 000 people like the city 
of Worcester, for example, is not an easy place, but I want to 
say to you that, barring newspaper abuse, I never enjoyed a 
piece of work in my life more than I did this service to the good 
city of Worcester. I was fortunate in some particulars. I 
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had no political debts to pay and I had no enemies to punish, 
and be it said to the credit of Worcester that in the four years 
that I was in City Hall, no man who was prominent in any 
of my campaigns ever came to me to ask a favor — not offe. 
And after three months hardly any one else came asking favors. 
They knew where to find me; courteous I tried to be always, and 
I never lost my temper but twice in the four years. Once was 
with the manager of one of the public-service corporations. I 
did lose my temper then, but it produced the result desired in 
less than forty-eight hours. After I got through being mayor, my 
experience had not soured me, and when I rode out on a Sunday 
afternoon, the cows for five miles round didn’t give sour milk. 

One asset which I highly prize, that I took back into private 
life, was the friendships I made in political life. I am thoughtful, 
and sometimes fearful, for the future of this country when so 
many men like you here (now, put the coat on, for it fits you) 
neglect your duties and do not go to both the caucus and the 
polls. You haven’t done your whole duty when you simply go 
to the polls and vote. 

If you don’t do your duty, this country has seen its best 
days. You men, engineers, ought to stand in the community 
where you are located for the highest and best, and do your 
part to save it. 

Just one little experience before I sit down. I think it 
was the first month after I became mayor, one of the men in the 
Board of Aldermen much desired a certain appointment. He 
said, ‘‘ You understand, Mr. Mayor, that if that don’t go that 
way I shall object and hold up the appointment.” ‘‘ Well,” I 
said, ‘‘ that is your privilege and your duty, but it is my business 
to do the appointing and I won't ask you to assume my respon- 
sibility; I will take that myself. Having done my duty as I see 
it, it will be up to you to do your duty as you see it, and I trust 
that when we get through we will be just as good friends as 
before, even though we may not agree in this matter.” ‘‘ Well,” 
he said, ‘‘ you want to remember that I’ve got some Scotch 
blood in me.” ‘‘ Well,’’ I replied, ‘‘ that may be, and it’s good 
blood, and while we are on that subject, let me say to you that 
mine is all Scotch.”” And there the matter ended. 
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DISCUSSION OF THE MECHANICS OF REINFORCED 
CONCRETE UNDER FLEXURE IN BEAM AND 
SLAB TYPES. 


Mr. JOHN R. NICHOLS (dy letter). — It has been suggested 
that there ought to be some explanation of the apparent dis- 
crepancy between the steel stresses which the application of the 
principles of statics to a flat slab floor design would lead us to 
expect and those deduced from extensometer measurements in 
tests. In the writer’s opinion the chief cause of this discre- 
pancy lies in the assumption, commonly involved in the applica- 
tion of statical principles to reinforced concrete structures, that 
the concrete immediately surrounding the rods is incapable of 
exerting tensile resistance in a direction parallel to the rein- 
forcement, whereas, in fact, the concrete does act in tension, 
materially assisting the steel. This opinion is supported by the 
results of tests on rectangular reinforced concrete beams. For 
example, Morsch* presents curves showing that in a beam having 
0.4 per cent. reinforcement, a load which, on the assumption of 
no tension in the concrete, should have caused 16 000 lb. per 
sq. in. tension in the steel, actually produced less than 3 000 Ib. 
per sq. in., as measured by extensometer. In a beam having 
1.0 per cent. of steel, the measured tension was 8 500 Ib. per sq. 
in. for a similar load. The only possible explanation for the low 
measured stresses in these beams seems to be that the concrete 
did in fact act in tension. 

The following table, computed on the assumption that the 


+“ Bisenbetonbau,”’ 2d edition (German), p. 101. 
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concrete acts in tension and follows the same straight-line law 
of stress distribution in tension that is commonly assumed in 
compression, gives the tensile stresses in the steel, f,, and the 
maximum tension in the concrete, f,, for loads which, on the 
assumption of absence of tension in the concrete, would produce 
a steel stress of 16 000 Ib. per sq. in. The depth to the steel is 
taken as eight ninths of the total depth, as, for instance, in a 


E, 
g-in. slab, and E, = 15: 


TABLE. 

p- fs. ft. 
0.001 808 70 
0.002 I 530 132 
0.003 2 180 189 
0.004. 2 780 241 
0.005 3 330 290 
0.006 3 840 335 
0.007 4 320 378 
0.008 4750 417 
0.009 5 180 455 
0.010 5 550 490 


Other tests might be cited to support the evidence of the 
Morsch tests and the table, to the effect that concrete is capable 
of assisting the steel through its tensile strength to a marked 
degree. 

The low values given in the table for the maximum tensile 
stress in the concrete indicate that cracks are not necessarily to 
be expected in beams and slabs with low percentage of steel and 
subject to working loads. On the other hand, the tests show 
that the stress in the steel, as measured by extensometer, re- 
mains but a fraction of the stress determined by ordinary com- 
putations long after cracks have become visible. It should be 
pointed out, however, that extensometer measurements do not 
indicate the stress at any particular point in a rod but only the 
average over a considerable length, usually eight inches. The 
stress in a rod at a crack in ‘the concrete may be and probably 
is much higher than the average over the eight inches of which 
the crack is the center. Extensometer determinations of the 
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steel stresses in flat slab floors are, of course, equally subject to 
error from this source. 

On the whole, it seems clear that the low steel stresses 
reported from flat slab tests, so far as they are not due to inherent 
defects in the method of their estimate, are chiefly due to tension 
in the concrete in a direction parallel to the reinforcement. 

In order to discuss Mr. Turner’s paper with fairness, it is 
necessary first to attempt to state its main thesis as nearly as 
may bein clear terms. As the writer views it, Mr. Turner’s con- 
tention, put into plain language, is as follows: 

When tensile reinforcement in concrete consists of two 
bands of rods at right angles as in a flat slab floor, the concrete 
interacts between the two bands in such a manner that the 
tension in each band relieves or reduces the tension in the other. 

Mr. Turner supplements this with the assertion, necessary 
for its validity as a factor in flat slab floor design, that the tension 
in the concrete incidental to the interaction mentioned is “ in- 
direct,’ and, unlike “‘ direct ’’’ tension, is not interfered with in 
its effectiveness by cracks. 

The interaction of the concrete between multiple bands of 
steel rods in tension is best studied by considering the simple 
case of two bands, band A and band B, at right angles, both 
bands equally stressed in tension. Suppose that the unit stress 
in each band is f, (pull in each rod divided by the cross-section). 
Assuming for the moment that the rods are not subject to 
lateral tension or compression upon their surfaces, the unit 


: , "yet F 
strain or extension of the rods is E 
‘Ss 


The unit tension in the concrete on sections at right angles 
to the rods let us call f,. If this tension were acting only in the 
direction of band A, the unit tension in that direction would be 


Je and, noting that the extension of the concrete is the same 
c 
as that of the embedded steel, we could then write 
E 
fe=fs E: 


But in the case we are considering the concrete is subject also to 


26 BOSTON SOCIETY OF CIVIL ENGINEERS. 


equal stretching in the direction of band B which induces a 
lateral contraction in the A direction measured by Poisson’s 
Ratio, R. Then the actual unit extension in the concrete is only 
fe 
E, 
steel, we have, 


(r—R). Assuming this equal to the unit extension of the 


VER ii 
LER ES 
The effect of multiple way reinforcement in a concrete slab 
as distinguished from one way reinforcement is thus merely to 
stiffen the concrete somewhat. For example, if we may take R 


E, 
as 0.1, a commonly accepted value for concrete, and = as 15, 
c 


fs 


we find that in a flat slab f, ===, whereas in a beam we would 


13.5’ 
have pot The concrete in certain portions: of a flat 


slab floor is thus capable of assisting the steel in tension about 
II per cent. more than the same concrete in a beam or one way 
slab, — always provided, however, that the concrete does not 
crack. It is probable that this augmented assistance is actually 
rendered between cracks, but where cracks occur it would still 
seem desirable to provide steel enough to take the whole tension 
without assistance of any kind. 

Returning now to the question of lateral stresses in the 
steel rods, suppose the concrete is able (and willing) to exert 
on the surface of the rods a lateral tension as high as 500 Ib. per 
sq. in. This would induce a longitudinal contraction equivalent 
to that produced by a compression of 0.3 <500=150 lb. per sq. 
in., taking Poisson’s Ratio for steel at 0.3. Additional longi- 
tudinal tension of 150 lb. per sq. in. would then be required to 
restore the rods to their original extension. 

Assuming, now, what is probably untrue and is at best a 
mere assumption open to grave doubt, that the criterion of 
failure of the rods is unit extension rather than unit stress, we 
may safely stress rods embedded in the above “ supposed ”’ 


concrete to 16 150 Ib. per sq. in. instead of the 16 000 commonly 
permitted. 
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To sum up, the interaction of the concrete between bands 
of reinforcement which takes place in portions of a flat slab 
floor renders the concrete some II per cent. stiffer than it would 
be if stretched in one direction only, and perhaps at the same 
time II per cent. stronger. It then gives 11 per cent. more 
assistance to the steel through its tensile strength, if it does 
not crack. In addition, perhaps the strength of the steel is 
increased by something less than one per cent. 

It will possibly occur to some that the meager results here 
extracted from the “interaction of the concrete”’ are hardly 
sufficient to explain Mr. Turner’s mushroom designs. However 
that may be, the writer, with all due deference, would like to 
be shown the process by which more can be extracted. 

So far as the writer is aware, Prof. H. T. Eddy is the only 
person who claims to have justified Mr. Turner’s designs of 
flat slab floors on a theoretical basis. Mr. Eddy’s success, how- 
ever, is due not to consideration of concrete interaction as above 
set forth, but to his outright assumption that the reinforce- 
ment of a flat slab floor is equivalent to a uniform sheet of some 
kind of homogeneous substance as strong as steel in tension 
and possessing a Poisson’s Ratio of 0.5. He ignores the fact 
that at least twice the weight of steel in crossed strips or rods 
is required to provide the same strength in all directions as a 
homogeneous plate. On the basis of such assumptions almost 
any design, however inadequate, could be given an apparent 
justification. 

Mr. Turner states in his paper the well-known fact that 
in a beam with uniform loading the positive bending moment 
at the center plus half the sum of the negative bending moments 
at the supports is equal to }WL. Now, any portion of a flat 
slab floor for which the outer forces can be determined may be 
considered and treated as a beam, and if we select the boundaries 
of such a beam so that the side edges are parallel and free from 
vertical shearing stresses the load will be uniformly distributed 
along its length if the floor load is uniform as is usually 
assumed. ; 

Fig. I represents an interior panel of a uniformly loaded 
flat slab floor of indefinite extent. The portion of the slab 
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marked out in heavy lines is a beam of which A and B are the 
sides. These sides are on the center lines of the columns and 
the vertical shear thereon is evidently zero. C and D are the 
ends of the uniformly loaded beam the span of whichis . The 


ie 


Fic. 1. 


writer considers, by the way, that the proper value of J; is 
I1—3D.* We may then write 


M.+Ma 


a+ M= 


ws 1? 
8 ’ 


where w is the total load on the slab per sq. ft. Assuming, as 


* Trans. Am. Soc, C. E., Vol. LXXVII, pp. 1670-1673 and 1735. 
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we ordinarily may for an interior panel, that M,=Mu, we 
may then write 
wel)? 

ae, 

There is no escaping the conclusion that, unless tension in 
the concrete is to be relied upon, steel must be provided in the 
top of the slab at C and D (of course, mainly near the columns) 
and in the bottom of the slab at E in sufficient quantity to take 


M,.+ M.= 


care, in the aggregate, of these bending moments, whatever may 


be the proportion in which any particular designer may wish 
to distribute it between the three locations. In the case of rods 
crossing the lines C, D and E at right angles, the full strength 
is to be considered in determining the moments of resistance, 
but rods crossing obliquely are to be valued at the components 
of their allowable strength normal to these lines. 

Similarly, steel must also be provided to take care of the 
positive and negative bending moments of the slab considered 
as a beam spanning in the direction of the line E. 

If steel is not provided to take, at allowable unit stresses, 
the whole tension incidental to these moments, it is clear that 
the concrete must assist in direct tension or the steel be over- 
stressed. 

Dr. HENry T. Eppy (dy letter). — The last two or three 
sentences of Mr. Worcester’s letter argue apparently that because 
it is not clear how the tensile stresses in crossed belts can interact 
in the matrix of a flat slab in such a manner as mutually to 
Giminish the stress of each belt in the other, no such thing exists. 
The correct attitude of mind would seem to be to inquire whether 
the alleged phenomenon exists, and if so, then to attempt to 
discover its explanation. Now no one would deny that cir- 
cumferential stresses occur in a thin metal dome and that by 
their action it is enabled to carry loads far in excess of the sum of 
the loads which could be supported by all its meridianal seg- 
ments acting independently, and that these circumferential 
stresses take up and hold in equilibrium the radial horizontal 
thrusts induced by the load and acting at right angles to the 
circumferential stresses. Moreover, they are neutralized at the 
different levels in the dome where they arise and are not propa- 


30 BOSTON SOCIETY OF CIVIL ENGINEERS. 


gated to the bottom of the dome as they are when each segment 
acts as an independent arch. 

Neither will any one conversant with the action of an ex- 
tended thin plate supported on crossed girders or rows of columns 
in rectangular array deny that it develops, under load, circum- 
ferential tensions about the supports and about the panel cen- 
ters that enable it to carry much greater loads than the aggregate 
of all the loads it could support when it resists flexure simply as a 
beam or as a number of beam strips. If such be the fact, as it 
is, then no beam strip theory will apply to such a structure or 
furnish principles for its correct design. In the plate, as in the 
dome, the circumferential stresses about panel centers prevent 
the propagation of moments and stresses radially toward the 
supports by holding the radial stresses in equilibrium, thus 
making the horizontal stresses in this part of the plate self- 
contained and thus reducing to a considerable extent the amount 
of metal which would otherwise be required. A similar action 
occurs about the supports. The reality and surprising excess 
of strength and stiffness of a plate over a beam can be very 
readily demonstrated by a very simple experiment. 

Take a sheet of ordinary 8-in. by I1-in. writing paper, which 
will not support its own weight as a beam between supports 
5 in. apart. Lay it upon four equal spools 5 in. apart and place 
two light strips of wood across the sheet at mid-spans of the 
spools in the form of a cross. The paper will support a load of 
several ounces in this manner, thus exhibiting a phenomenon 
entirely different from beam action, which may be properly 
designated as plate action. It exceeds beam action many fold. 

Now a properly reinforced flat slab imitates plate action 
sufficiently to take advantage of the same kind of circumferential 
stresses. It does more than this because it introduces the 
reinforcement in larger amounts where the stresses are more 
severe and in less amounts where not needed, thus effecting 
economy as compared with a uniform plate. That the flat 
slab does really imitate plate action in the manner just described 
is the only possible explanation of the results of innumerable 
load tests of flat slabs in which slab deflections have been ob- 
served as well as the results of the few extensometer tests which 
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have been published. It is only on this basis that any one 
has attempted to discuss the mechanics of slabs to obtain rational 
formulas in any accordance with tests. 

A circumferential cantilever, as the term is employed in 
Mr. Turner’s paper, is that part of a flat slab over and around 
a support where actions are called into play by negative bend- 
ing moments like those developed in a thin metal plate when 
similarly situated. The difficulty which Mr. Worcester ex- 
periences in seeing how it is possible that reinforcement well 
disseminated through the concrete can cause the slab to act 
like a plate is due to an insufficient realization of and failure to 
recognize the important and dominating réle which the concrete 
plays in binding the entire fabric of the structure together so 
reliably that it will act as a unitary monolithic sheet in which 
radial and circumferential stresses occur much as they would in 
a homogeneous plate regardless of the directions of the various 
reinforcing rods in case they are sufficiently disseminated. He 
would perhaps be willing to admit that for very small loads 
this might possibly be true, but not for working loads. What we 
assert is that it still holds up to double the working load, when 
the elongations of the steel show maximum unit stresses up to 
20 000 lb. Under these circumstances the statement does not 
hold which Mr. Worcester evidently regards as axiomatic, viz., 
‘“‘ The total tensile stress cannot exceed the total capacity of the 
reinforcement,” because by the words “‘ total tensile stress ”’ 
is meant the tensile stress computed on the principle of moments 
as found in beam structures. It would be just as logical to 
insist that a metal dome, which is a self-contained structure, 
must necessarily exert the same horizontal thrust as an arch. 
Tensile stresses in crossed reinforcing rods coact through the 
concrete in such a manner that each reduces the intensity of 
the other, but not in such a manner as is assumed by Mr. Nichols 
in his calculations. The coaction is by means of the bond shear 
on the surface of the rods which causes lines of stress in the con- 
crete both of tension and compression in directions at 45 de- 
grees with the rods, and not by direct lateral tension in the 
concrete in directions perpendicular to the rods. These are two 
entirely different kinds of actions and have nothing in common, 
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as will be seen by reference to “ Concrete-Steel Construction,” 
Part I,* pp. 121-133. It is well known that the bond in slabs 
remains intact under loads far beyond tensile loading, and is 
consequently dependable whether we regard that as due to the 
indirect tensile stresses at 45 degrees which tie the crossed rods 
together, or to the indirect compressive stresses by which the 
crossed rods mutually support each other. However that may 
be, the reality and dependability of such coaction is unquestion- 
able. 

It does not appear that the discrepancy between the statical 
moments of the applied loads and the moments of resistance of 
the reinforcing steel can be largely accounted for by considering 
the tensile resistance of the concrete acting parallel to the rein- 
forcement, as is the opinion expressed by Mr. Nichols. While 
the facts adduced in support of his opinion are incontestable, 
they are entirely inadequate to establish the validity of any 
such explanation of this discrepancy, because the discrepancy 
still exists at loads so large as to preclude the possibility of any 
large assistance from concrete in direct tension. The phenomena 
which are under discussion have reference in general to observa- 
tions at double the design load with unit stresses in the steel of 
16 000 lb., and more where direct tensile stresses in the concrete 
cease to be of material assistance to the reinforcement. More- 
over, it is questionable whether Mr. Nichols’ argument respect- 
ing the unreliability of extensometer measurement where tension 
cracks exist in the concrete is valid, because just such measure- 
ments as he objects to as unreliable have shown excellent agree- 
ment between computed and observed steel stresses in heavily 
loaded beams. 
: Mr. Nichols states that “any portion of a flat slab floor 
for which the outer forces can be determined may be considered 
and treated as a beam,” and he evidently regards it as a self- 
evident truth. Such, however, it is not, as both theory and 
test show its incorrectness. Just as well say that a dome may 
be considered and treated as an arch as to say that a plate or a 
slab may be treated as a beam. To be sure, it can be done on 
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paper, and has been done, but of what use is it to do it? No 
results even approximately correct can be arrived at by the 
process. The first requirement of applied mechanics is that the 
assumptions used shall include the predominant phenomena. 
Beam theory will not do this for slabs. But beam theory is 
evidently so ingrained in the warp and woof of engineering 
mathematics that it is perforce used whether it applies or not. 
It is the old question of whether the world moves or not in a 
new guise. 

It may be observed that in this and other discussions on 
slabs those engineers who have had occasion to know the facts 
at first hand by actual test and construction are perfectly aware 
that there is a wide discrepancy between any deductions from 
beam theory and floors as actually constructed, and so hesitate 
somewhat to express definite opinions on theoretical questions 
at variance with those facts. Many others seem, however, to 
have no such hesitation. 

Mr. Thompson has taken occasion to refer in his discussion 
of this paper to my recent paper on “ Steel Stresses in Flat 
Slabs,* in which all the available extensometer tests of flat 
floor slabs, five in number, were compared with the values © 
computed by my formulas, both as to steel stresses and deflec- 
tions. In a previous paper,t the results of a comparative test 
of two experimental slabs were given, one of them built on the 
mushroom type. This last and two of the five preceding slabs 
were of the mushroom type and the other three of similar design. 
The stresses and deflections observed at test load showed, as the 
result of scores of measurements, astonishing agreement between 
the computed and observed results, as any one can see by examin- 
ing the papers referred to. At working load, however, there was 
a single rod showing an abnormal unit stress of 22 400 |b. 
against a computed maximum stress of 19 500. The reason for 
this divergence was perfectly well known and clearly stated, but 
on the basis of this single observation Mr. Thompson asserts 
that stresses obtained by my formulas did not agree within 50 
per cent. with the actual stress, a palpable misstatement which 


* Trans. Am. Soc. C. E., Vol. LX XVII, pp. 1338-1453 (1914). 
+ Engineering News, Vol. 60, pp. 624-628, March 27, 1913. 
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any one who will take the trouble to read the entire discussion 
referred to will find inexcusable, for Mr. Thompson omits all 
reference to the extensive additional data from another test 
which was presented by me in my closure of the discussion to 
which he refers, which showed conclusively that his contention 
as to the inapplicability of my formulas was without foundation. 
Nevertheless he has here repeated his original statement after 
it has been shown to be without any sufficient foundation. The 
observed stresses and deflections at test load were in good agree- 
ment with computed values. 

Mr. Thompson further asserts twice in one sentence that my 
formulas were based upon the test to destruction of the experi- 
mental slab above referred to. There is no foundation whatever 
for this assertion and it is not in accordance with the facts, as 
any one will become convinced who will follow their deviation 
from the general differential equations of plates as given in my 
books. Not only is the statement incorrect, but it shows that 
Mr. Thompson does not himself understand how they are estab- 
lished. They are not based on any tests whatever any more than 
ordinary beam theory is based on tests. The theory is developed, 
and then since tests show a good agreement with its deductions, 
the theory is confirmed thereby. The same is true of the slab 
theory advanced by me. It was applied to the test results of the 
experimental slab, just as it was to other tests. The remarkable 
thing about it is that these theoretic formulas which have been 
compared with numberless other tests should have been found 
to be in such good agreement with that test also, in which stresses 
and deflections were observed under a much wider range of 
loads than usual, and in a slab which was not an integral part 
of a continuous floor, but under circumstances which Mr. Thomp- 
son criticises so adversely. This would seem to be an argument 
to confirm our confidence in the wide applicability of these 
formulas rather than otherwise. 

Whether Mr. Thompson regards the stresses in the North- 
western Glass Co. slab as excessive or not has nothing whatever 
to do with the question at issue. The question is this: Do the 
concordant mathematical theories and formulas developed by 
Mr. Turner and by myself show a good accordance with experi- 
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ment, and are they founded on correct mechanical considera- 
tions or not? 

It is not a fact that there is any material divergence between 
test results and those computed by us, although Mr. Thompson 
has attempted to assert otherwise. That question may be 
safely left to any competent unbiased reader. The other ques- 
tion as to the cogency and correctness of the mechanical con- 
siderations adduced as proof of the formulas, is the one open to 
discussion. Professor Johnson, while he entirely rejects the 
reasoning proposed in support of them, hazards the opinion that 
if they are in agreement with test, “‘ they may be in essence 
merely empirical formulas.’’ Considering the question from 
the standpoint of the probabilities in the case, it can be said 
that a single theory which embraces at once both stresses and 
deflections throughout the slab would have infinite chances 
against its agreement with a wide range of tests. It might be 
possible to obtain an empirical formula for deflections and an 
independent one for stresses when it would be impossible to 
derive either from the other. On the theory of probabilities it 
will consequently be necessary to find some other explanation 
than that given by Professor Johnson. 

Mr. C. A. P. TurNER (by letter).*—The fact that the 
writer’s effort to treat in some detail the mechanics of reinforced 
concrete under flexure in beam and slab has aroused the interest 
indicated by this discussion is gratifying indeed. As a designer 
of structural steel for many years, the writer fully appreciates 
the enigma presented by reinforced concrete to any member of 
the profession who has tried to consider its action by the usual 
mode of reasoning which is adapted to structural steel but not 
to concrete. 

- Mr. Worcester’s criticism of the writer's effort as a labored 
one is undoubtedly justified, since the writer’s work has been 
along the line of originating new ideas and putting them to 
commercial use rather than in presenting them to others in the 


finished style of a pedagogue. 
Since presenting the paper under discussion, the writer’s 
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ideas of the mechanics of bond shear have been elaborated more 
fully with the assistance of Dr. Eddy in a treatise on the ele- 
mentary principles of concrete-steel construction,* a copy of 
which is presented to the Society herewith for the convenience 
of those who wish to pursue the matter further than the limits 
of this discussion will permit. 

Mr. Martin has answered Mr. Worcester as to the equality 
of radial and circular stress in the circumferential cantilever 
with square panels. The mathematical proof will be found in 
the treatise above mentioned in Chapter IV. 

Some ten years ago the writer found it necessary to de- 
termine what the deflection of continuous beams and slabs would 
be under test loads from two to two and one-half times the mag- 
nitude of the working load, because building departments and 
engineers demanded some guarantee of the specific limits of 
deflections in the work he was designing. In the course of five 
years of continuous, careful observation of such deflections and 
tabulation of the results, not only in work designed by himself, 
but in that designed by others, and on different systems and 
with no preconceived ideas or theoretical prejudices to warp his 
judgment, the writer derived the following formula, published 
by him in 1909: 

a WES 97) ee (x) 
7 000 (1.414)* 3A,h? 
for a square continuous panel supported on columns, and 
I Le (2) 
5000 3A,h? 


for the deflection of the continuous beam under test. 

In formula (1), / is the diagonal span of the square panel, 
and in (2), 1 is the span of the beam center to center of supports 
respectively ; A, the deflection; W, the total load; As, the 
right cross-section of the steel at mid-span running from sup- 
port to support; h, the distance from the center of this steel 
to the top of the slab. 

The relation between the two formulas shows that the de- 
flection of the continuous beam is 3.959 times as great as the 
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deflection of the continuous slab supported on posts, while the 
theory of work, taking into consideration the difference in the 
mechanics of the two structures, makes one deflection in round 
numbers four times the other, an excellent agreement of theory 
and experiment well within the limits of errors of observation. 

The knowledge of the profession at large as to the deflection 
of concrete floors at the time this five-year investigation was 
finished may be illustrated by the writer’s experience in furnishing 
the design for the John Deere Plow Company building at Omaha, 
in 1908. At that time the writer’s standard flat slab construc- 
tion was the only one known commercially, and notwithstanding 
the fact that he had up to that time erected several scores of 
buildings and published numerous general articles describing them, 
the construction was new to the profession. The owners of the 
building consequently called in Professor Talbot of Illinois 
to report on the construction. After iny estigating a number of 
these buildings, such as the heavy stock house for the Hamm 
Brewing Company, the great Lindeke Warner building, and 
others, Professor Talbot was satisfied that such a construction 
could be put up to carry the loads safely. In his well-known 
broad-gaged style he made no pretense of being able to compute 
its strength or deflection, but simply advised the owners to get 
a bond from Turner for fifty thousand dollars, guaranteeing 
both its strength and deflection under load. The writer had 
stated what the deflection would be, and he was asked to guaran- 
tee exactly what he figured it to be. The writer furnished the 
bond, the building was tested, the deflection was in accordance 
with the guarantee and no injury to the construction was ap- 
parent nor any overstress in evidence under a load of double the 
working load. 

In the following year these formulas were given to the public. 
Since their publication, hundreds of tests have been made which 
confirm their substantial accuracy. 

For the rectangular panel in which Zi is the long side and L» 
is the short side, (1) reduces to the following approximate formula 
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A general and somewhat more accurate empirical formula 
may be written covering both the continuous beam and the 
continuous four-way slab supported on columns either with 
square panels or with rectangular panels, as follows: 


K= WES (4) 


ey} 3 
[4 990+-7 107 a 3A.f? 


This formula, when /=i, in other words, when we have 
parallel reinforcement, reduces to substantially the previous 
empirical formula (2) for continuous beams. When L=1.414 Li, 
it reduces substantially to formula (1). When J; is greater 
than J and Ly is less than 1.25 Le, the general formula gives a 
value substantially the same as (3), but gives deflections in- 
creasingly greater as Li becomes greater than 1.25 Le. This 
formula furnishes a convenient method of investigating the 
effect on the deflection of varying the angle at which bars cross at 
mid-span. This general formula agrees substantially both with 
the theory of work and with experimental results, and furnishes 
a ready means of investigating the effect of the differences in 
obliquity of the angle of crossing of diagonal belts upon the 
deflection. 

The reason for this marked difference in the relative de- 
flection of rectangular and square panels is made clear by the 
method employed in arriving at the ratio of four for a square 
panel as compared with a beam. In the square panel the circular 
stresses do not affect the vertical geometry of the slab, while in 
the rectangular panel the circular lines of principal stresses in 
the square panel become elliptical and those in the direction of 
the major axis have the marked influence on the vertical geometry 
of the slab indicated by the formula. 

Confusion of the deportment of square panels and _ rec- 
tangular panels and the failure to distinguish between the opera- 
tion of wide belts coacting by bond shear with the operation of 
narrow belts which cannot so act accounts for the erroneous 
views of many of the profession regarding slab action. 

In case 1=Ly, (4) reduces to the continuous beam formula 
(2) and represents the case of cylindrical curvature, but when 
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the rods are placed normal to / under this kind of curvature no 
coaction is possible. 

Mr. Worcester is thus in error as to the essential condition 
of slab action, which is double curvature and not cylindrical 
curvature. The maximum efficiency occurs when this double 
curvature approaches spherical curvature. He badly confuses 
shears and indirect tensions. Horizontal bond shear must re- 
main or act in the direction of the length of the rods, and if 
acting upon elastic concrete, doubles the efficiency of the rod. 
Indirect tensions from shear, as Rankine shows, act at 45 de- 
grees to the shearing force and are not parallel to the rod. 

Professor Johnson grudgingly admits that some of Turner’s 
structures are satisfactory and that the Turner formula may 
agree closely with observed deflections and steel stresses, but 
being founded on experiment (the theory of work not impressing 
him with favor), they are a kind of rule of thumb production 
not to be compared from the scientific standpoint with the misap- 
plication of the principles of statics leading to results agreeing 
with no known experimental evidence, which if the writer cor- 
rectly understands his position is advocated by him and by Mr. 
Nichols. 

Let us examine the assumed correctness of this reasoning 
supposed to be based on the inexorable logic of statics. Every 
known physical and mechanical process in the universe must 
obey the fundamental law of the conservation of energy. The 
deflection of a slab under load is a process whose mode of opera- 
tion consequently conforms to that law. The principles of 
statics stand upon the @ priori presumption of the truth of the 
law of the conservation of energy, and any deductions or ap- 
plications of those principles apparently at variance with this 
law are necessarily erroneous and incorrect at some step. 

Messrs. Nichols and Johnson would apparently reverse 
this relation and cast doubt upon the mathematical result 
worked out by applying the law of conservation of energy under 
the untenable notion that the law of conservation of energy 
depends for its validity upon the principles of statics rather than — 


the reverse. ; 
If this fundamental law of mechanics leads to conclusions 
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contrary to those arrived at by Messrs. Nichols and Johnson 
by statics and its results harmonize with experimental determina- 
tions, it is obvious that while there may be nothing wrong 
generally with the principles of statics, yet through lack of 
experience in the application of these principles Messrs. Johnson 
and Nichols have fallen into serious error. 

A fundamental principle of statics cited by Sir Isaac Newton 
in his ‘‘ Principia ” is that action and reaction must be in equili- 
brium if there is not to be accelerated motion. Hence in the 
concrete beam with rods in the bottom the steel stress developed 
by the total horizontal bond shear is equal to the pull on the rod. 

To the extent that the concrete behaves as an elastic ma- 
terial this total shear may, for convenient consideration, be 
regarded as a thrust applied to the concrete in the line of the rod 
at the bottom of the beam. 


Thrust [Equal to bond shear] 


The manner of distribution of this thrust demands attention. 
Since it produces the same horizontal shearing deformation of the 
concrete as that caused by the bond shear which for convenience 
it is supposed to replace, it evidently decreases along this line. 
from the ends of the beam where it is greatest to mid-span where 
it vanishes. This thrust acts with the lever arm jd about the 
centroid of compression at mid-span, and forms a couple with 
part of compression acting through the centroid of compression 
at mid-span to carry part of load on the beam. This thrust it 
is which prevents the lower part of the beam from elongating 
to such an extent as to preserve the end right sections of the 
beam at right angles to the neutral axis after flexure. The pull 
of the rod is differently distributed from this thrust, being 
greatest at mid-span and zero at the ends of the beam where the 
bond shear is greatest and where the equivalent bond shear 
thrust is assumed to be applied. 

Now the total tension in the rods at mid-span is equal in 
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amount to the thrust just considered because there is no way 
for the tension at mid-span to have been dissipated and reduced 
to zero at the ends of the beam except by the bond shears acting 
on its surface. The arm of the steel tensions is jd also, hence 
the moment of the tension in supporting the load is the same as 
that of the bond shear so long as the concrete acts as a fully 
elastic material. 

Hence without calling upon direct tensile resistance of the 
concrete, we see that before the concrete yields in a plastic 
manner or cracks, the laws of statics require that the steel stress 
multiplied by jd be not greater than half the external moment of 
the applied load. 

Rankine shows that a shear is equivalent to a tension and 
compression at 45 degrees thereto. Accordingly these indirect 
stresses of tension and compression respectively form two paths 
through the web or body of the beam by which the sum of the 
tensions equals the sum of the compressions above and below the 
neutral plane respectively. 

Now these paths are of equal rigidity during the elastic 
deformations of the concrete in tension, but as soon as plastic 
yielding of the concrete occurs, the two paths are no longer of 
the same rigidity and more and more of the load travels through 
the path of the indirect compression. But in the mean time the 
energy stored by indirect tensions is dissipated by the inelastic 
yielding of the concrete and the static balance of stored potential 
energy of the internal work of deformation no longer equals the 
external work of the load and further motion must result until 
this balance is restored. (See Clapeyron’s Theorem, in the work 
of Lamé on the Mathematical Theory of Elastic Solids, 1866.) 

Without going into the molecular physics of the trans- 
mission of force through mass it may be well to consider the state 
of the case where the concrete has cracked at intervals in the 
tension side of the beam. The indirect tensions tend to rotate 
the separated segments vertically in a manner furnishing little 
rigidity and tending to disrupt the beam. The 45-degree com- 
pressions, on the other hand, are opposed by compressions from 
the upper zone arching over and holding them in equilibrium 
by presenting a relatively rigid resistance. 
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In this the beam and the slab differ. In the mushroom slab 
the rotating tendency from bond shear is predominantly lateral 
rather than vertical with the mass of the slab to oppose such 
rotation, hence these resistances do not disappear until the 
final disintegration of the floor structure. This will be apparent 
from the laws of bond shear stated in the paper and the dia- 
grams of these forces in Chapter III of “ Concrete-Steel Con- 
struction ’’ by Eddy and Turner. 

The issue between Mr. Nichols and the writer may be sum- 
marized not as Mr. Nichols has misstated it, but as follows: 

Mr. Nichols asserts that the resistance other than that 
accounted for by the steel must be absorbed by the concrete 
through a property inherent therein or as a resistance which it 
possesses previous to embedment and apart from the steel. 
Turner undertakes to» prove that the concrete per se possesses 
no property capable of supplying this resistance until the steel is 
imbedded therein and bond shear is brought into action asa new 
element in the load-carrying mechanism. 

Turner tries out the question by experiment. Nichols and 
Johnson are content to believe they possess the intellectual 
acumen to arrive at correct results by reasoning based on as- 
sumption and without recognition of the facts which compel 
taking account of the evanescent character of the resistance 
furnished by the assumed direct tensile strength of the concrete, 
which resistance is known to disappear in the beam under heavy 
loads but which remains intact and operative in the continuous 
slab under heavy as well as light loads. 

At this point it is well to observe that Mr. Nichols considers 
that the direct tensile resistance of the concrete in the continuous 
slab on columns is increased 11 per cent. above its action in 
beams, and with 11 per cent. increase in effectiveness, he would 
account for the 300 per cent. increase in stiffness. This would 
seem to strain the imagination beyond the india rubber limits of 
its elasticity. 

That concrete does have a small value in direct tension is 
true. This value enables the concrete to shrink in hardening 
about the steel, thereby furnishing a reliable bond, and this bond 
supplies, as we have pointed out, the element of resistance that 
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in a large measure is confused with direct -tensile resistance. 
On the other hand, were the assistance to the steel brought about 
by direct tensile resistance of the concrete, the concrete must 
possess tensile resistance several times as great as has ever been 
discovered by experiment. This fact makes impossible the 
erroneous explanation offered by Mr. Nichols. 

Mr. Nichols cites tests from Mérsch to show that low steel 
stresses are accompanied by some small direct parallel tensions 
in the concrete, but he shows utter unconsciousness of the 
existence of the two dominating and inescapable actions of the 
embedment which entirely overshadow in their ultimate effect 
the direct tension to which he refers. These actions are those 
of bond shear brought about by the shrinkage grip of the con- 
crete on the reinforcement and the casting stresses resulting 
from the chemical process of hardening. Without the horizontal 
bond shear, beam action of the reinforcement is an evident 
impossibility. Hence it is a double absurdity to omit these 
two principal actions and ascribe their effect to direct stresses 
which vanish under heavy load. 

The hardening of concrete is a chemical process generating 
heat which expands the steel as the bond is in process of forma- 
tion. This condition which is followed by the subsequent con- 
traction of the steel induces initial tensile stresses therein of 
considerable magnitude. These two circumstances largely 
explain the deportment of newly cast beams under light loads 
and negative the exaggerated idea of the value of the direct 
tensile strength of concrete relied upon by Mr. Nichols to sub- 
stantiate his position. These circumstances further limit the 
extent of the assistance of the direct tension to ten or fifteen 
per cent. for light loads and little or nothing for heavy loads. 
The data furnished by Mr. Nichols are too fragmentary to 
furnish any basis for determining the amount of the casting 
stresses, and any sufficient basis for this would require a state- 
ment of the temperature at which the cement itself was stored 
before mixing, the temperature of the water, the temperature of 
the aggregate and the temperature conditions during the hard- 
ening process. Shrinkage stresses may range anywhere from a 
few hundred pounds to several thousand pounds per square inch 
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on the steel; every practical builder finds evidence of this in 
course of the removal of forms at different periods of the year. 

This discussion discloses also the practical error made by 
Mr. Nichols in his assumption that only an unbelievably great 
and unheard-of direct tensile strength of concrete can possibly 
account for the experimental evidence cited. 

Application of the proposition of Lagrange, known as the 
principle of least action, with which Messrs. Johnson and Nichols 
are undoubtedly familiar, would condemn their explanation as 
erroneous in the light of another and possible one involving 
lower stresses in the concrete. That this is the case may be 
readily shown by figuring the intensity of the indirect tensions 
and compressions as compared with the direct tensile resistance 
which Mr. Nichols arrives at. The one would be only about 15 
per cent. as great as the other. 

The impropriety and improbability of supposing as a fact 
that concrete can exhibit the marvelous property of a uniform 
modulus of elasticity in tension up to and beyond any known 
value for its ultimate strength in direct tension is a point in 
Mr. Nichols’ theory which he fails to explain and makes no 
mention of in advocating its possibility. 

The confusion of what the writer actually did say with 
his own misunderstanding of it accounts for Mr. Nichols’ sub- 
sequent amusing computation of lateral tension on the rods and 
Poisson effect of 11 per cent. for the concrete to account for a 
known increase in stiffness and strength of 300 per cent. over 
that of a continuous beam. 

The writer having explained that the Poisson ratio used 
by Dr. Eddy is neither a property of the steel nor of the concrete, 
but merely a useful coefficient of the efficiency of the lateral 
action of bond shear, Mr. Nichols gratuitously assumes that 
the Turner analysis by the theory of work based upon the law of 
conservation of energy is dependent upon assuming such a coeffi- 
cient. Dr. Eddy used such a coefficient in his method of com- 
putation by considering the equilibrium of the infinitesimal 
elements of the slab, whereas the writer, attacking the problem 
from the theory of work, does not need such a coefficient, al- 


though he arrives at concordant results to those of Eddy and 
those of experiment. 
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Mr. Nichols presents a kind of imitation beam formula 
for the continuous slab, making the moment apparently a 
function of width rather than length in a rectangular panel, but 
even with this illogical modification it is impossible to account 
for the wide difference in action between the beam and slab 
covered by the writer’s empirical equation (4) representing the 
experimental results. 

In process of hardening concrete shrinks about the metal 
embedded therein and tensile stresses result from this shrinkage, 
leaving the concrete not only reduced or honeycombed in section 
by embedment of the steel, but greatly reduced in strength 
by the shrinkage tensions which furnish bond shear resistance. 
Accordingly the direct tensile resistance is almost eliminated by 
the crossing of rods about the column head and to a less extent 
at mid-span, and this resistance is thus reduced far more nearly 
to a negligible quantity in the continuous slab than in the con- 
tinuous beam. 

Professor Johnson erroneously refers to the writer’s empirical 
formula for the weakest section with his standard form of con- 
struction as applying to the section where the greatest moment 
is to be supported. The weakest section is determined not by 
the maximum moment to be borne, but by the maximum unit 
stress. The practicing engineer would not confuse the two, 
though it is quite natural for the casual reader not actively 
engaged in practical construction so to do. The section to which 
this formula applies is mid-span of the direct belts and a line 
joining these sections at the diagonal and at the edge of the 
diagonal reinforcement. 

Mr. Thompson would infer that the strength of the Turner 
floor is exhibited with only one panel loaded. Had he seen a 
warehouse, designed for 250 lb. per sq. ft., carrying a solid load 
af sugar fifteen to seventeen sacks high with no aisles, for three 
months, he would revise his conclusions. The writer naturally 
protested, but the building had performed the service and the 
load was to be soon removed. 

Mr. Thompson’s criticism of the test of the slab to destruc- 
tion is of interest in view of the fact that it certainly did not 
have the benefit of continuity, which he says vitiates the test 


results of a single panel. 
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Mr. Thompson is somewhat hypercritical and very hard in- 
deed to satisfy. If you test four panels you have made a mis- 
take; it ought to have been one because four panels give a bal- 
anced load. If you test one, the results are surely vitiated by 
continuity. If you saw off the continuity, as in test of a panel 
to destruction, there is some imaginary objection, such as that 
you have designed capitals of all sizes and shapes, put them in or 
left them off, to suit the whim of the architect, and according to 
the critic a microscopic variation of the cap renders all valid 
conclusions impossible. Nevertheless, the practical builder 
puts up all kinds, guarantees their strength, and they give 
satisfactory service wherever the work is executed with ordinary 
care. Further, it may be remarked that with all the objections 
of misapplied statics that have been urged against economical, 
continuous mushroom flat slab floors, they have never yet been 
known to tumble down on the heads of the workmen putting 
them up, even when the workmen have, as has often happened 
from inexperience, removed the forms from but partially hardened 
concrete. 

That concrete subject to restraint will deform in a plastic 
manner is well shown in the tests of Woolson cited by Homer 
Reid, in his “ Reinforced Concrete,’’ page 390, and those of 
Considére as well. 

In the beam or slab a considerable degree of restraint is 
furnished against cracking by the steel embedment, but to 
assume, as do Messrs. Nichols and Johnson, that concrete when 
it is being plastically deformed in tension can furnish the re- 
sistance to strain per unit of deformation that it does under 


far lower forces producing true elastic distortion is illogical in — 


the extreme. 

The final and most conclusive objection to the explanation 
by means of the direct tensile resistance of concrete is found 
in the experience of the builder in nearly or entirely eliminating 
this direct tensile resistance by a bulkhead or splice in the 
slab at mid-span. With this bulkhead the deportment of the 
slab differs only slightly from the slab without the bulkhead. 

Perhaps a more exact method of eliminating this direct 
tensile resistance would be to cast a thin plate of metal properly 
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coated with paraffine in a small or experimental beam, thus 
cutting off fully the tensile zone at mid-span. Then the beam 
without any direct tensile resistances acting with a lever arm 
jd about the centroid of compression would exhibit the marked 
characteristic of steel stresses too small to balance the external 
moment of the load. In such an experiment Messrs. Johnson 
and Nichols will find a complete refutation of their conception 
of the mechanics of the beam, just as the practical worker in 
the field of concrete construction has found in thousands of tests 
a similar refutation by the bulkhead splices used by him in his 
every-day work. 

Concluding my remarks on the utility of direct tension as a 
dependable element of resistance in bending, I have discussed 
this more at length from the theoretical and experimental 
standpoint in the October Proceedings of the Canadian Society 
of Civil Engineers, in which I discussed tests of concrete slabs 
to determine the nature and dependability of this element in 
continuous panels. 

Mr. Bryant’s frank discussion is of interest. Mr. Martin 
has answered his somewhat mistaken idea as to the deportment 
of the standard mushroom design properly executed. Mr. 
Bryant does find, however, like most skeptics as to the strength 
manifested by this type, that it is surely present under severe 
test, and this unexpected finding leaves him with the honest 
feeling of uncertainty as to his ability to account therefor on 
any theory hitherto published. 


Ae oe be 


A |. 
as 


Vol. II JANUARY, 1915 No. 1 
BOSTON SOCIETY OF CIVIL ENGINEERS 
FOUNDED 1848 
INDEX TO ADVERTISERS. 

PaGE 
A. B. SEE ELectric ELEVATORS, III Devonshire St., Boston...... XVIII 
ABERTHAW CONSTRUCTION Co., 8 Beacon St., Boston............. XV 
Apams, H. S., 108 Ames Building, Boston, Mass.................. IV 
AMBURSEN COMPANY, 61 Broadway, New York.................. XVII 
ASPINWALL & LINCOLN, 3 Hamilton Pl., Boston.................. IV 
ASSOCIATED ARCHITECTS PRINTING & SUPPLY Co., 144 Congress St., 

CORSET oo «Ateneo See I ee, SS XVII 
ASSOCIATION OF ENGINEERING SOCIETIES, 3817 Olive St., St. Louis.. XVI 
Bay STATE DREDGING Co., Ltp., 247 Atlantic Ave., Boston....... x 
Bisuop, J. W., & Co., 683 Atlantic Ave., Boston................. >i 
Biarr, Isaac, & Co., INc., 433 Harrison Ave., Boston............. xt 
Brapsury, Royatt D., 18 Tremont St., Boston.................. III 
Brown, Burtis S., 88 Broad St., Boston.............-.eeeeeeeee IV 
Buss, Epwarp A., 85 Water St., Boston. .......-.....-.-+eeeeee IV 
CONCRETE CONSTRUCTION Co., 28 School St., Boston ............ XI 
Dean, F. W., INc., 53 State St., Boston.........--..eee ee ee econ IV 
Detroir GRAPHITE Co., 94 Milk St., Boston... .........-.2. 200. XVII 
EASTERN BRIDGE AND STRUCTURAL Co., Worcester........-++.4+- XVIII 
EASTERN EXPANDED METAL Co., 201 Devonshire St., Boston...... XVI 
Fay, SPOFFORD & THORNDIKE, 308 Boylston St., Boston......... IV 
Fort Hut Press, 176 High St., Boston.......... ss eeee eee ee eee XVIII 
FULLER, ANDREW D., Co., 3 Hamilton Pl., Boston............+++- XII 
FuLLER, GEorGE W., 170 Broadway, New MGtice ane oes c.e.+ sis Date IV 
Gow, THE CHARLES R., Co., 166 Devonshire St., Boston.......... XIII 
GurveEy, W. & L. E., Troy, N. Y......-2. 0s ece eee cece eee eeeee 406 
HALL, Joun G., & Co., 114 State St., Boston... ....-++- sees reese XVII 
HarRINGTON, EPHRAIM, 20 Pemberton Sq., BOStOns ie abs oe olen ee IV 
HERING & GREGORY, 170 Broadway, New York........+.+++++0+ IV 
HERv, J. L., ENGINEERING Co., 149 Pearl St-7 DOStOisG aga eial = eieire IV 
Hersey Mre. Co., South Boston. .....-...esee sees erect terres xx 
Hotsroox, CaBoT & ROLLINS, CORPN., 6 Beacon St., Boston...... VII 
Houzer, U., 25 Bromfield St., Bostom.......--+-++seeeeeeereeres D8 
Hucues, Epwarp F., 8 Oliver St., Boston.......-++-++ssseereeee XVII 
Jackson, D. C. & Wm. B., 248 Boylston St., Boston.........+-+++- IV 
JonsBERG, F. F., Co., 733 Old South Building, Boston............ XI 
KELLOGG, ALFRED S., 53 State St., Boston.......-. Peer toths, Se. ahays IV 
LEDDER & Prosst, 56 Franklin St., Boston........+++++++eeseees XVI 
Main, Cuarzes T., 201 Devonshire St., Boater war attacutcorrit oivrel Ill 
MAKEPEACE, B. L., 12 Bromfield SiR DOSLOM ie cM wile Gaal tous 000 ats XVII 
MetcaLF & Eppy, 14 Beacon St., Boston......+...0++sesrereeee Vv 
Mrter, HrraM ALLEN, 8 Beacon Sie DOSEOM crc. « oat. scans ss 4 


ii 


INDEX TO ADVERTISERS. 


Miter, Witt1aM L., 71 Alford St., Boston... 


New ENGLAND BuREAU OF TESTS, JNC., 12 Pearl St., Boston...... 
OL_p CorNER Book STorE, 27 Bromfield St., Boston.............. 
PENNSYLVANIA CEMENT Co., 166 Devonshire St., Boston.......... 


PERRIN, SEAMANS & Co., 57 Oliver St., Boston 


RiwEouT, CHANDLER & Joyce, 178 High St., Boston...... a akcatatere 


Rockport GRANITE Co., Rockport, Mass..... 


Smupson Bros. Corpn., 166 Devonshire St., Boston............... 


Situ, B. F., & Co., 60 Federal St., Boston... 


SPAULDING PRINT PAPER Co., 44 Federal St., Boston............. 


STONE & WEBSTER, 147 Milk St., Boston..... 


THOMPSON, SANFORD E., 141 Milk St., Boston. 


Pe ee ee ee 


Taomson METER Co., 100 Bridge St., New York................. 
TuHorPE, LEwis D., 201 Devonshire St., Boston.................. 
TucKER, Epwarp A., Co., 683 Atlantic Ave., Boston............. 
Tyson, WEARE & MARSHALL Co., Beacon Building, Boston....... 


WALDO/BROTHERS;, Boston: .e saci ee oan 


WARREN BROTHERS Co., 59 Temple Place, Boston................ 
WARREN FounpDRY AND MACHINE Co., 111 Broadway, New York... 
WESTON, ROBERT SPURR, 14 Beacon St., Boston.................. 


WHEELER, CHARLES D., 65 Kilby St., Boston. 


WHITMAN & HowarD, 220 Devonshire St., Boston................ 


Woop, R. D., & Co., Philadelphia........... 
WORCESTER, J. R., & Co., 79 Milk St., Boston 


PAGE 
VIII 


XVII 


XVII 


PROFESSIONAL CARDS. 


CHAS. T. MAIN 
ENGINEER 


201 Devonshire Street, Boston, Mass. 
Rooms 817-833 


Plans and Specifications for the erection and equip- 


ment or reorganization of textile mills and other 


industrial plants, including steam and 


water-power plants 


ROYALL D. BRADBURY 


Assoc. M. Am. Soc. C. E. 


CONSULTING ENGINEER 


irructural Steel 
Reinforced Concrete 


Jesigns, Specifications, and Estimates 
feview and Approval of Plans 


nspection and Supervision of Con- 
_ struction 


xaminations and Investigations 


‘aluations and Appraisals 


18 Tremont St., BOSTON 


NEW ENGLAND 
BUREAU OF TESTS, Inc. 


Inspecting Engineers 
and Chemists 


Herbert L. Sherman, President 
Joshua L. Miner, First Vice-President 
A. B. Bellows, Second Vice-President 
Wm. F. Zimmermann, Secretary 
Tests and inspection of Iron and 
Steel, Cement and Concrete Materials, 
Road Materials, Pipe, Wire and Machin- 
ery of all kinds. 
Chemical Analyses and Research. 
Our own laboratories and inspectors 


at all important points. 


12-Pearl Street 
BOSTON 


’Phone, Fort Hill 3038 


Please mention the Journal when writing to Advertisers 


iv PROFESSIONAL CARDS. 


H. S. ADAMS 


Consulting Engineer 


108-9 AMES BUILDING 
BOSTON, MASS. 


GEORGE W. FULLER 


M. Am. Soc. C. E. M. Am. Inst. Cons. E 
Consulting Hydraulic Engineer and Sanitary Expert 


JAMES R. McCLINTOCK CHAS. B. BUERGE' 


Water Supply and Purification, spb an 
Drainage, Disposal of Sewage and Refuse 
Investigation of Epidemics, Water Work 
Valuations, Supervision of Construction an 
Operation. 


170 Broadway, New York, N. Y. 


ASPINWALL & LINCOLN 
Civil Engineers 


3 HAMILTON 
BOSTON 


PLACE 


EPHRAIM HARRINGTON 


M. Am. Soc. C. E. 
Consulting and Advisory Engineer 


EXAMINATIONS, ESTIMATES AND REPORTS. 
Private and Municipal Improvements and Developments. 
PRELIMINARY SURVEYS, DESIGNS AND SUPERVISION. 


20 Pemberton Sq. Bostot 


BURTIS S. BROWN 


Assoc. M. Am. Soc, C. E. 
Consulting Engineer 


Designs, Plans, Estimates, Testing. Specialist 
in Structural Engineeering. Fireproof Build- 
ing Expert. Reinforced Concrete, Structural 
Steel, Heavy Foundations. 


919 to 921 Broad Exchange 
Building 


Telephone 
Fort Hill 2799 


HERING & GREGORY 


Rudolph Hering John H. Gregory Charles Sayill 


Consulting Engineers 
and Sanitary Experts 


Water Supply and Water Purification, Sewer: 
age, Sewage Disposal and Refuse Disposal 


170 Broadway, New York City 


EDWARD A. BUSS 


Mill Architect and Consulting 
Engineer 
New Construction, Rearrangements, Elec- 
trical Equipment, Economy of Operation 


85 Water St., Boston, Mass. 


EF. W. Dean H. M. Haven Wm. W. Crosby 


Members A. S. M. E. 
F. W. DEAN, INC. 


Mill Engineers and Architects 


Exchange Building, 53 State St. 
BOSTON, MASS, 


Tel. Fort Hin { 3913 


J. L. HERN ENGINEERING CO. 


Consulting Mechanical 
Engineering 


Heating, Ventilating and Mechanical 
Equipment 


149 PEARL STREET 
BOSTON, MASS. 


D.C. AWM. B. JACKSON 


Consulting Engineers 


FOR ELECTRIC AND 
ALLIED PROPERTIES 


14974 


CHICAGO 
Harris Trust Bldg. 


BOSTON 
248 Boylston St. 


Se ae 


FAY, SPOFFORD & THORNDIKE 


Consulting Engineers 


BRIDGES AND OTHER STRUCTURES 
STEEL AND MASONRY. FOUNDATIONS. 
RIVER AND HARBOR “VORKS 


FREDERIC H. Fay CHARLES M. SPOFFORD 
STURGIS H. THORNDIKE 


308 Boylston Street, Boston, Mass. 


ALFRED S. KELLOGG 
Engineering 
Heating, Power and Lighting 


53 STATE ST., BOSTON, MASS. 


Please mention the Journal when writing to Advertisers 


PROFESSIONAL CARDS. 4 


J. R. Worcester E. B. Pettee G. H. Brazer 


METCALF & EDDY Ee ease 
Leonard Metcalf Harrison P. Eddy J. R. WORCESTER & co. 
Charles W. Sherman Wm. T. Barnes oes 
Almon L. Fales Consulting and Designing 
Engineers 
14 Beacon Street Harris Trust Building Reideos p lati 
C 8s oundations 
Boston, Mass. Chicago, Ill. Steel and Reinforced Concrete Constraction 
Water Supply and Sewerage 79 MILK STREET, BOSTON 


Cement Testing Laboratory at Waltham, Mass. 


HIRAM ALLEN MILLER 


M. Am. Soc. C. E. 
Consulting Engineer 
Thirty Years’ Experience 
Expert Work a Specialty 


8 BEACON ST., BOSTON, MASS. 


SANFORD E. THOMPSON 
M. Am. Soc. C. E. M. Am. Soc. M. E. 
Consulting Engineer 
Design of Steel and Reinforced Concrete; 
Review of Plans; Estimates and Appraisals; 
Tests of Cement and Concrete; Organization of 

Construction and Industrial Work. 


NEWTON HIGHLANDS 141 MILK ST. 
MASS. BOSTON 


LEWIS D. THORPE 
Civil and Sanitary Engineer 


Water Works, Sewerage and Sewage 
Disposal 
Supervision of Construction and Operation 
201 Devonshire Street 
BOSTON, MASS. 


ROBERT SPURR WESTON 


Laboratory for the Analysis of Water, 
ewage, Filtering Materials, etc., Design, 
nspection and Supervision of Water Puri- 
cation and Sewage Disposal Plants. 


14 BEACON STREET, BOSTON 


WHITMAN & HOWARD 


Civil Engineers 
(Established in 1869) 


‘20 Devonshire Street Room 504. 
BOSTON 


Please mention the Journal when writing to Advertisers 


vi ADVERTISEMENTS. 


SIMPSON BROS. CORPORATION 


ENGINEERS AND CONTRACTORS 
FOR 


REINFORCED CONCRETE 
CONSTRUCTION 


a 


ME BRO ON 


ONSHiRE S© 
6 oe BOSTON 


ROCK ASPHALT FLooRsS — GRANOLITHIC FLOORS. 
SIDEWALKS, CURBING, STEPS, BUTTRESSES, ETC. 
SIMBROCO CONCRETE STONE BUILDING TRIM. 
HASSAM CONCRETE STREET PAVEMENT. 


ROCKPORT GRANITE 


permanently resists all 
action of Sea Water 


It is an undeniable fact that chemical changes take place in the 
cement of CONCRETE construction exposed for any number of 
years to sea water, changes that are certainly not for the better. 


Vo changes take place in Rockport Granite. It is permanent, and 
it is impermeable; and these FACTS are beyond question. 
The same facts apply to masonry work of every description — 
Rockport Granite is the ONE material of PERMANENCY. 


A combination of Quality and Low Price is offered in Rockport 
Granite, full details of which will be supplied upon request. Write. 


ROCKPORT GRANITE CO. - Rockport, Mass. 


C. HARRY ROGERS, Treas. and Gen’l Mgr. 
BRANCHES : 


New York, 21 Park Row, Represented by F.E. Foster. Chicago, Chamber of Commerce 
Bldg., Represented by J. D. Duffy. Boston, 31 State St. Winnipeg, Canada, N. J. Dinnen Co. 


EDWARD A. TUCKER COMPANY 


Concrete Engineers 


Designs and Estimates Submitted Structural Steel 
Concrete Reinforcement Fabrication and Erection 


ESSEX BUILDING - 683 ATLANTIC AVENUE, BOSTON 


Opp. South Station 
Direct Mill Connections Warehouse, Cambridge Shop, Camden, N. J. 


Telephone, Oxford 4670 


—_—_—_— 


—cccrcrii i 


Please mention the Journal when writing to Advertisers 


ADVERTISEMENTSs. vil 


Holbrook, Cabot & Rollins Corp’n 


Contractors 


Heavy Masonry and Concrete Con- 


struction, Deep Foundations 


6 BEACON STREET BOSTON, MASS. 


Charles Building, 331 Madison Avenue 
New York, N. Y. 


JAMES W. ROLLINS, President 
FREDERICK HOLBROOK, Vice-Pres., and Gen’l Manager 
THOMAS B. BRYSON, Second Vice-President 
WILLIAM S. PATTEN, Treasurer 


Please mention the Journal when writing to Advertisers 


tise J fISEMENTS. 
Vill Aer 


"WILLIAM L. MILLER © 


71 ALFORD STREET CHARLESTOWN, MASS. 


Bridge, DocKs, Sea Walls, Heavy Timber 
and Concrete Construction 


General Contractor 


TELEPHONE, 497 CHARLESTOWN 


WARREN FOUNDRY «\” MACHINE CO. 


i114 Broadway, New York City 


MANUFACTURERS OF 


Cast Iron Gas and Water Pipe 
ALSO ALL KINDS OF FLANGE PIPE AND SPECIAL CASTINGS 


R. D. Wood G&G Company, 
Philadelphia, Pa. 


Engineers Iron Founders Machinists 


Pumping Engines, Centrifugal Pumping Machinery, Gas Pro- 
ducer Power Plants (and big installations) Gas Holders, Cast 
Iron Pipe, Valves and Hydrants, Water and Gas Works Ap- 
pliances. 


Please mention the Journal when writing to Advertisers 


ADVERTISEMENTS. 


STONE & WEBSTER 


CHARLES A. STONE EDWIN S. WEBSTER RUSSELL ROBB 
HENRY G. BRADLEE ELIOT WADSWORTH 
DWIGHT P. ROBINSON JOHN W. HALLOWELL 


SECURITIES OF PUBLIC SERVICE CORPORATIONS 


STONE & WEBSTER ENGINEERING 
CORPORATION (incorporated) 


CONSTRUCTING ENGINEERS 


DWIGHT P. ROBINSON 5 . 4 = 2 President and General Manager 
HOWARD L. ROGERS . “ . : - . First Vice-President and Treasurer 
GEORGE O. MUHLFELD - 4 ‘ 5 Vice-President and Construction Manager 
FREDERIC N. BUSHNELL > : Vice-President and Engineering Manager 
GEORGE C. ENGLAND = : 2 F 6 4 Controller 
ROBERT E, HAMILTON ‘ ; 4 . z . < Purchasing Agent 


STONE & WEBSTER MANAGEMENT 
ASSOCIATION (Incorporated) 


GENERAL MANAGERS OF PUBLIC SERVICE CORPORATIONS 


HENRY G. BRADLEE ° ‘ ~ P 5 . = : President 
FREDERICK S. PRATT ; . < = - . 4 - Vice-President 
FEDRERICK P. ROYCE 2 e = : , - Vice-President 
CHARLES F,. WALLACE zg : 5 2 5 . - Vice-President 
HENRY B. SAWYER . . : - = ‘ 2 - = Treasurer 
GENERAL MANAGERS OF 

The Lowell Electric Light Corporation Savannah Electric Company 

The Seattle Electric Company Dallas Electric Corporation 

Puget Sound Electric Railway Northern Texas Electric Company 

Tacoma Railway and Power Company The Electric Light and Power Company of 


Abington and Rockland 
Blackstone Valley Gas & Electric Company 
The Blue Hill Street Railway Company 
Tampa Electric Company 
Pensacola Electric Company 


Paducah Traction and Light Company Houston Electric Company 


Puget Sound International Railway & Fall River Gas Works Company 
Power Company Galveston Electric Company 


Pacific Northwest Traction Company Pacific Coast Power Company 
The Minneapolis General Electric Company The Key West Electric Company 
Edison Electric Illuminating Company of Baton Rouge Electric Company 


Columbus Electric Company 

Cape Breton Electric Company, Limited 
El Paso Electric Company 

Jacksonville Traction Company 

Ponce Electric Company 


Brockton Whatcom County Railway & Light Com- 
Houghton County Electric Light Company pany 
Brockton and Plymouth Street Railway Galveston-Houston Electric Company 
Company Haverhill Gas Light Company 
floughton County Traction Company Sierra Pacific ElectricCompany 
Dallas Southern Traction Company Mississippi River Power Company 
Eastern Texas Electric Company Puget Sound Traction, Light & Power Com 
Fort Worth Southern Traction Company pany 


STONE & WEBSTER BUILDING 


147 MILK STREET, BOSTON, MASSACHUSETTS 


5 NASSAU STREET, NEW YORK 
FIRST NATIONAL BANK BUILDING, CHICAGO 


1X 
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‘River aaa Harbor | provements 
Dock Dredging a Specialty - 


GORHAM H. H. WHITNEY, Pres. and Mer. JAMES E:GASHMAN, Treasurer. 
2) See ae eee 
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WALDO BROTHERS 


BOSTON, MASS. 
iS 
NEW ENGLAND AGENTS FOR 


ATLAS PORTLAND CEMENT 
AKRON SEWER PIPE. 


U. HOLZER, 
BOOK - BINDER. 


25 Bromrretp Sr., Bosron, Mass. 


ESTABLISHED i870, 
All kinds of Books bound and repaired. 
Maps and Charts mounted. Telephone 


Portfolios, Scrap Books, Blank Books, ete., made to order. and 
Lettering in Gold; Paper-Splitting; Inlaying; ete. 
Fhotegraphs Mounted on Cz ard or Paper without Cockling. 


Elevator 
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F. F. JONSBERG Co. 
Engineering Construction 


Switch Cell Construction 


733 OLD SOUTH BUILDING 
BOSTON 


THE EXTREME HIGH QUALITY OF 


PENNSYLVANIA PORTLAND CEMENT 


MAKES ITS USE ESSENTIAL WHERE 
WORK OF THE HIGHEST CLASS IS DESIRED 


‘ PENNSYLVANIA CEMENT CO. 


NEW YORK OFFICE BOSTON OFFICE 
30 East 42d St. 166 Devonshire St. 
NEW YORK BOSTON 


53 FirrH AVENUE 683 ATLANTIC AVENUE 


J. W. BISHOP COMPANY 


GENERAL CONTRACTORS 


WORCESTER 


PROVIDENCE 
109 Foster STREET 


617 BurLteR ExcHANGE 


THE CONCRETE CONSTRUCTION COMPANY 


ENGINEERING CONTRACTORS 


_ 28 SCHOOL STREET BOSTON 


GEO. A. BLAIR . L. L. STREET W. 0. WELLINGTON 


ISAAC BLAIR & CO., Inc., General Contractors 
Shoring and Moving Buildings a Specialty 
433 Harrison Avenue, BOSTON 
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xian ADVERTISEMENTS. 


ESTATE IN CONCORD, MASS, 


T. MOTT SHAW, ARCHITECT 


ANDREW D. Furrter Co. 


Constructors 
Engineers 


3 HAMILTON PLACE, BOSTON 


Country Estates Complete 
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THE CHARLES R. GOW COMPANY 


Contractors for Engineering Construction 


No. 166 DEVONSHIRE STREET 


BOSTON, MASS. 


CHARLES D. WHEELER 
Insurance 


Telepnone 5231 Main 65 KILBY STREET, BOSTON 


Liability, Fire, Life, Accident, Marine 
and Attomobile Insurance 


ALSO CONTRACTORS’ BONDS AT LOWEST RATES 
CONSISTENT WITH ABSOLUTE SECURITY 


Spaulding Print Paper Co. 
_ BLUE PRINTERS 


Blue Prints made from profile and other long tracings in continuous 
lengths. Small or large orders furnished in 
the quickest possible time. 


A full line of DRAWING MATERIALS in stock at lowest Prices 


44 FEDERAL STREET, BOSTON, MASS. 


TELEPHONE, MAIN 4103 or 1390 
Please mention the Journal when writing to Advertisers 
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A Standard of Excellence 


in any field is decided and set by the concensus of opinion 
among the buyers, not the sellers. 


In the Paving Field 


Ask the present and former cities who have used it what they think about 


BITULITHIC 


The greatest care is used in the construction of the Bitulithic pavement. It renders 
unfailing service. Bitulithic is made of varying sizes of the best stone obtainable combined 
with bituminous cement and laid under close laboratory supervision. You must remem- 
ber that quality should be first consideration. The condition of the streets indicates the 
character of the city. 


BITULITHIC PAVEMENT, DARTMOUTH ST., BOSTON, MASS. 
Pavement laid 1903 Photograph taken Sept., 1913 
Stop and Consider 


BITULITHIC, before determining to use inferior street paving. It is cheaper to 


have a good pavement in the beginning than to contract for cheap construction which has 
to be repaired every year. 


NO TIME LIKE THE PRESENT 


to consider what construction you are going to use on your streets. Specify BITULITHIC 
and have a pavement which is unrivaled in reputation— unquestioned in quality — un- 
equaled in popularity. 

Don’t wait; get your contracts in early for BITULITHIC, a pavement suitable under 
all the varying climatic conditions. 


Write to-day for explanatory booklets, and learn more about this modern pavement for 
modern cities. 


WARREN BROTHERS COMPANY ~ i 


Executive Offices : 59 Temple Place, Boston, Mass. 
DISTRICT OFFICES: 
NEW YORK, N.Y. CHICAGO, ILL. ROCHESTER, N. Y. LOS ANGELES, CAL. 
50 Church St. 10 So. LaSalle St, 303 Main St., West 926 Calif. Bldg. 
PORTLAND, ORE. PHOENIX, ARIZONA 
Journal Bldg. 204 Noll Bldg. 
NASHVILLE, TENN. ST. LOUIS, MO. RICHMOND, VA. 
606 First Nat’l Bank Building Railway Exchange Bldg. Virginia Railway & Power Bldg. 
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“LAMBERT” 
METERS 


Made in all sizes from five-eighths to six inch of best 
bronze composition. Fitted with our unbreakable 
Disc’’ of hard rubber reinforced with a steel plate. 


The ‘‘ Lambert’’ water meter has made 
meter systems popular. 


THOMSON METER CO. 


too-r110 BRIDGE STREET BROOKLYN, N. Y 


THIS SPACE 


ABERTHAW CONSTRUCTION CO. 


Contracting Engineers 
Specializing in Concrete 


8 Beacon Street Boston 


We are prepared to undertake the construction 


of buildings, dams, bridges, tide walls and other 
structures of reinforced concrete and other ma- 
terials. This work is done on the cost-plus-profit 
method, based upon careful accounting methods 


and cost systems. 

We have a pamphlet which explains in some 
detail how this work is carried on. Ask for 
Cost Accounting on Construction 
Work. . 
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ADVERTISEMENTS. 


LEDDER & PROBST, Inc. 


56 Franklin Street, Boston, Mass. 
Surveying Instruments 


REPAIRING 
BLUE AND BLACK PRINTS 


Drawing Materials 


We buy, sell, exchange and rent all kinds of instruments 


RIDEOUT, CHANDLER & JOYCE 


Engineers and Piping Contractors 
178 HIGH STREET - BOSTON, MASS. 


Steam Specialties, Engineers’ Supplies 


Piping of All Kinds Furnished or Erected 


TYSON, WEARE & MARSHALL CO. 


BEACON BUILDING, BOSTON 


General Contractors for Buildings on 


New Fish Pier, South Boston 


C.D. Kirkpatrick, Mgr. S.P. Gates, Asst. Mgr. 


B. F. SMITH & CO., INC. 


ESTABLISHED 1878 
ARTESIAN AND DRIVEN WELLS 
FOUNDATION BORINGS 


Engineers and Contractors for Municipal and Private 
ater orks 


Office: Ist NATIONAL BANK BUILDING, 
60 FEDERAL STREET, BOSTON, MASS. 


SOME PRACTICAL APPLICATIONS OF 
THE PRINCIPLES OF STATISTICS. 


By Charles S. Ruiner 


NEW INTAKE TOWER AND TUNNEL 
OF THE ST. LOUIS WATER WORKS. 


By Edward C. Davis 


Journal of the Association of Engineering 
Societies, December, 1914. $3.00 per 
year. 30 cents per copy. 


JOSEPH W. PETERS, Secretary 
3817 Olive St. ST. LOUIS, MO. 


a. = 
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EASTERN EXPANDED METAL CO. 


MANUFACTURERS OF EXPANDED METAL 
FIRE DOORS, FRAMES AND FITTINGS 


201 DEVONSHIRE STREET 


BOSTON 
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PERRIN, SEAMANS & GO. 


Machinery, Tools and Supplies 


FOR 
Construction Work 


57 OLIVER STREET, BOSTON 


EDWARD F. HUGHES | Engineering Books 


Artesian and Driven Wells | THE OLD CORNER BOOK STORE 


4a ae Have the Largest Stock at the Lowest 
Manufacturing, Public or Private Prices. all and examine. Prompt 
Water Supply attention given mail orders. 


954 Oliver Building, 8 Oliver Street, Boston, Mass. | 27-29 BROPIFIELD STREET 
TEL. 1633 MAIN BOSTON, MASS. 


DETROIT GRAPHITE COMPANY | aMBURSEN COMPANY 


PAINT MAKERS “ 
Engineer-Constructors 
Special Penstock and Standpipe Paint : 
“‘Superior Graphite Paint”’ for Steel ot erase Fm eo and 
Bridges and Buildings ; 


94 Milk St., Boston, Mass. | ° Broadway New York City 


Engineering & Drafting Supplies 


JOHN G. HALL & CO. 
BLACK LINE AND BLUE PRINTS 


114 STATE STREET, BOSTON SURVEYING INSTRUMENTS REPAIRED 
pie iL ; N __ |B. L. MAKEPEACE 
387 Washington Street 
, BOSTON - - ° MASS. 


Assuriated Architects Printing & Supply Co. 


144 CONGRESS STREET, BOSTON 


BLUE, BLACK AND VANDYKE PRINTING ON PAPER OR LINEN 
BLACK ON WHITE REPRODUCTION PROCESS — ANY COLOR 
DRAWING MATERIALS AND SUPPLIES 


TELEPHONE, FORT HILL 4013 
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xvlll ADVERTISEMENTS. 


A. B. SEE 
ELECTRIC 
ELEVATORS 


Of All Types 


A 
Modern 


Plant Push Button Elevators 
Automatically Controlled 
for Residences, Etc. 


LOOK MAGAZINE (AIALG 
LAW SSOB PRINTING. 
148 1018 Shae NEW YORK 
BOSTON, MASS HARTFORD 

suis Anetra BOSTON OFFICE 


BALTIMORE MINOT BUILDING 
WASHINGTON F 
JERSEY CITY 111 Devonshire St. 


MONTREAL 


EASTERN BRIDGE 2 2 


2 a STRUCTURAL CO. 


Worcester, Massachusetts, 


For Prices on all Classes of 


STEEL AND IRON WORK. 


WE DESIGN AND MANUFACTURE 


ROOF TRUSSES, GIRDERS, COLUMNS, STAIRS 
AND FIRE ESCAPES FOR BUILDINGS .... 


FOOT BRIDGES. HIGHWAY BRIDGES, RAILROAD BRIDGES 


We Carry a Large Stock of 


Can Make Quick Deliveries. 2 & Send in Your Inquiries. 
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A New Flow Meter 
For Gaging Pipes 


The new Vaughan Flow Meter, designed and 
patented by J. F. Vaughan, accurately gages the 
flow of liquids in pipes, in cooling, heating, lubri- 
cating, boiler feed, and other me- 
chanical systems. It is well made 
of few parts —nothing to get out of 
order. 


Measures Any Liquid 


A rising piston admits the liquid into a slotted 
chamber, the piston ceasing to rise when the slotted 
area is sufficient to pass the flow. An in- 
dicator shows the rate of flow in gallons 
per minute. An alarm contact rod tells 
when the flow falls below normal, the rod 
being adjustable. 


A simple, effective meter, at moderate cost. 


Write for bulletin giving full details 
el 


W. & L. E. GURLEY 


Makers 


TROY, N. Y. 


Branch Factory, Maritime Building, Seattle, Wash. 


Oo 
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STOP WHOLESALE LOSS - 


USE THE HERSEY DETECTOR-METER_ 


On Fire and Manufacturing Services 
THIS IS THE ONLY METER 
Endorsed by Water Departments and Underwriters. 


Because it registers all large flows. 
Because it registers all small flows. 
Because it does not obstruct the flow. 


HERSEY MFG. COMPANY 
Main Office and Works: South Boston, Mass. 


BOSTON, MASS., 714 Tremont Temple. COLUMBUS, O., 211 Schultz Bldg. 

PHILADELPHIA, “The Bourse.” BUFFALO, N. Y., 806 White Bldg. 

CHICAGO, ILL., 10 So. La Salle Street. ATLANTA, GA., "3d Nat. Bank Bldg. 

SAN FRANCISCO, 461 Market Street. LOS ANGELES, Marsh-Strong Bldg. 
NEW YORK CITY, 174 Fulton St. 


“ALL AINDS OF METERS FOR ALL KINDS OF SERVICES 


900,000 SOLD 
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SPECIAL COMMITTEES —- Continued 
ON SOCIAL ACTIVITIES 
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| HENRY A. SYMONDS CHARLES H. GANNETT 
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| FREDERICK C. H. EICHORN ‘GEO. A. SAMPSON 
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RATES FOR ADVERTISEMENTS 


For one year— ro issues 


One page $75.00 
One-half page P 40.00 
One-quarter page 25.00 
One-sixth page ‘ * 3 17.50 

_ One-eighth page . F ° 3 14.00 
-Qne-twelfth page - - +: 10.00 
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